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ABSTRACT _ 

A sanitary sur^7ey is an dnsite inspect ion of a public 

water system by competent personnel who use a standard form, 

procedure, and method to sur^7ey the effectiveness and maintenance of 
the system and to determine its_ability to provide continuously safe 
water to the consuming public. This text^ developed as an aid to 
providing instruct ion on how to conduct a sanitary survey, covers 
basic questicrris (and their rationale and importance) that an_ 
inspector must ask to determine the adequacy of a water supply _ 
system. Major topic areas addressed include : (1) water regulations ; 
(2) water sources (general, weiis^ spr ihgs , and surf ace sources ) ; (3) 
pumps; (4) water treatment; (5) storage (gravi ty storage arid 
hydrdprieumatic tanks); (6) water distribution (distribution systems 
arid cross-connections) ; (7) moh i tor ing _ arid recbrdkeepirig; (8) 
management and safety; (9) surveys; (10) commuriicatibris arid public 
relations; and (11) technical ass i stance . Because the text is based 
on what an inspector "needs to know , " iri-depth techn ical background 
of each component of a water system is provided. A listing of 
suggested references is provided should additional information be 
needed. (JN) 
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rhls Sanitary Survey Training Student's Text has. been developed as ah aid 
to providing instruction oh how to conduct a sanitary survey. It is based 
on what the inspector "needs to know" to . successful ly assess a public 
water system. Consequently, this text will cover the basic quest"ions_^ and 
their rationale and importance, that an inspector mUst ask to determine 
the adequacy of a water supply syste.a. It does not provide the in-depth 
technical background of each cbmpbheht of a water system. A listing of 
suggested references is provided. These references should be consulted 
for such detailed knowledge. 
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OMIT 1 : ORIENTAtlON 



tJnit Summary 

Registration and introduction 
Schedule and Format 
Pre-Tes t 

The Sanitary Survey 



Unit References 



None 
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THE SANITARY SURVEY 



What Is a Sanitary Survey? 

A sanitary survey is ah bi.site inspection of a public water ^ystem by 
competent personnel who use a standard form, procedure, ^^id method to 
survey the effectiveness and maintenance of the system and to determine 
its ability to provide continuously safe water co the consuming public* 



Why Conduct a Sanitary Survey? 

Competent personnel must conduct sanitary surveys periodically to 
determine whether the construction, equipments facilities, operation, and 
maintenance of the parts of a water supply system are adequate, effective, 
and efficient in producing adequate quantities of safe water for the _ 
consuming public, and whether the water quality meets acceptable standards. 



Who Conducts a Sanitary Survey? 

Sanitary surveys are conc3ucted by sanitary engineers, sanitarians, and 
technicians who have experience, knowledge, and competence in the design, 
operation, and maintenance of water supply systems. These personnel must 
also be qualified to assess problems us ihg hydrological , hydraulic, 
mechanical > and other bas ic engineer ihg khowladge and be able to make 
sound, adequate, and economical recbmmehdations . 



What Occurs Durihg a Sanitary Survey? 

The activities of a sanitary survey provide a comprehensive, accurate 
record of the component parts of water systems, assess their operating 
cdhditidhs and adequacy as a water system, and c3etermine if past 
recomntendations regarding the system have been effectively implemented. 

This program of instruction presents the information needed by the 
inspector to effectively carry out the following activities: 



o Inspect and evaluate the water source. 

o inspect and evaluate the intake structure. 

o inspect anc evaluate the treatment/ccnditibnihg facilities . 

o Inspect and evaluate the distribution system. 
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b sample source and distribution water for bacteriological, physical, 
chemical, and radtologtcai properties, and (as required) perform 
and evaluate field analyses. 

o Review operation and maintenance practices. 

o Review records, files, maps, correspondence. 

o Determine qualifications of engineering, sariitatioh, arid ahclllary 
personnel; review management practices and personnel needs. 

o Complete the survey report. 

o Present sanitary sUrvey data to operating personnel and (as 
required) discuss brisite prbblems arid provide recommendations. 

o Notify the owrier /operatbr , public. State regulatory agency, and EPA 
of deficiencies (as required). 

(Specific inspection arid reporting information is included in the basic 
material of the fbllbwirig units.) 



Prbgram Objective 

Fbr the remainder of this training program, we will be covering the 
cbmpbrierits of a typical water system: 

b Source 

b Intake Structure 

b Treatment 

b Storage 

o Distribution 

we will be answering two questions about these cbmpbrierits: 

1. What conditions might cause sanitary risks in each of the 
components? 

2. How might these cbriditions be recognized? 
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STUDENT'S SUPPLEMENTARY MATERIA!^ 



UNi'r 2: WATER RKCilLATTONS 



IJn i t Sumiticii: y 

Safe Drinking Water Act 

National interim Primary Drinking Water 

Regulacions 
Implementation of NIPDWR 

Applicabil ity 

Requirements 

Res pon s i b i I i t i es 
National Secondary Drinking Water Regulations 
Appropriate State Regulations and Standards 



Unit Reterences 

National Interim Primary Drinking Water 

Regulations (40 CFR 141) 
National Interim Primary Drinking Water 

Regulations Implementation (4C CFR 142) 
National Secondary Drinking Water Regulations 

(40 CFR 143) _ 
Water Treatment Plant Operation (Chapter 22} 
Appropr iate State Regulations arid Standards 
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Baf3 ic Mater ial 



In r ecoyn i t ion of a decline in the quality of drinking water around the 
Nation, Congress passed the Safe Drinking Water Act designed to (.Mu-^.ure the 
delivery of safe drinking water by public water systems and to {^rutiect 
underground wator sources from contamination. 

The Act required the Environmental Protection Agency to establish primary 
and secondary regulations 1 imi ting contaminants to a level where "no known 
or anticipated adverse effects on the health of f^ersbns occur and which 
allows an adequate margin of safety." 

The Na tioriaJ. In ter i m Pfirna ry Drinking Wa-ter ReffliLab-ions specify 

reiju ir errioh ts and procedures for controlling contaminants in public wattjr 
suppl ies . 



Appt tcabil 1 ty 

Although the Primary Regulations apply to all public water supply systems, 
the regulations luake a c3istinction between community and noncommunity 
systems. Community systems generally supply drinking water to residential 
and institutional users who might be exposed to dangerous levels of 
contaminants for extenc3ec3 periods of time. Cbnsequen tly > a wider range of 
contaminants is controlled by the regulations. The regulations define a 
"public water system" as a system for providing piped water to the public 
for human consumption if such a system has at least 15 service connections 
or regularly serves at least 25 people at least 60 days pe^ year. The 
term includes any collection, treatment, storcge, -"^nd distribution 
facilities under control of the system operator and used primarily in 
connection with such a system, and any collection or pretreatment storage 
facilities not under such control that are used primarily in connection 
with such a system. 

Some classes and types of regulated water systems are 1 listed below ^ 



Cbmmm^HUty- Wa t^r- Systems 

Municipal systems and public water utilities 

Mobile home parks 

Condominiums 

Residential institutions and schools, including hospitals, nursing 

homes, homes for the aged, colleges 
Housing developments, public and private 
Multi family housing complexes (all varieties) 



Noncommunity Water Systems (with separa te water sys terns ) 



riotels-hotels-resor t areas 
Schools ( nonres iden t) 
Restaurant and other food 
service places 
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Campgrounds 
Highway rest areas 
Mar inas 
Airports 
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STIIUKNT'S SUPPLi-jMIilNTARY MA'PHIUALS 



N a-t io jUi 1 In te-t ini Pr i rnax-y -Dr inking Wa t Regaiations (NfPDWR) 



Na^zionaj^ ^ econ fer-^ B r ink -lng Wa ber Regalations 



Implenentat: on of NIPDWR 



o Purpose 



d Enforceability 



b Applicability 



EKLC 



2-3 

12 



Pairkis 

Recreation areas 
Migrant labor and construction 
camps 

Children's and adult camps 
Gasoline service stations 
Indus tr ies 
Churches 



Shopping centers 

Office and commercial baiidings 

Public buildings and public 

assembly facilities 
Social and recreation ciabs 
Swimming pools and beaches 



Siting Requirements 

The siting of a water system is of primary importance in ensuring safe 
water. The National Interim Primary Drinking Water Regulations encourage 
the avoic3ance of hazardous locations when constructing new or expanding 
public water systems. Sites to be avoided are areas subject to 
significant risks of: 

o Earthquakes* 

b Floods (100-year floodplain) 

b Fire br other disasters that could cause a breakdown in the water 

systems ___ _| 

o In many areas, California for example, it is impossible to i 

construct plants which are not subject to these hJizarc3s, in those 
cases, good designing is even more critically important to; 
providing a continuous supply of water. v 

Maximum Contaminant Levels 



The regulations include maximum contaminant levels for five properties of 
drinking water. 

o Inorganic chemicals 

o Organic chemicals 

o Turbidity 

o Microbiological contaminants 

o Radiological contaminants 

The specific maximum contaminant levels are prbv ided in Tables 2-1 through 
2-3. Each category has specific sampling and analytical requirements. 



Wa t er Pu r veybr Reg u i r emeh t s 

The water purveyor must report to the State agency: 

o Results of all tests and analyses within the first 10 days 

following the month in which the result is received, or within the 
first 10 days following the end of the required monitoring period - 
whichever is the shortest. 

o Notice of failure to comply with any primary water regulations^ 
including monitor ing> within 48 hours. 
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STOD£NT-'S SUPPLEMENTARY MATERIALS 



Siting Req^u i cements 



Maximum Contaminant Levels 



Water Purveyor Requirements 



b Monitoring and Analytical 



o Reporting 



b Notify public when a commuhity water system fails to cbmply with: 

o An appl icable maximam contaminant level 

o An applicable testing procedure 

o Scheduled corrections 

o Reqa ired mon r tor ing 

o Maintain the following records: 

o Bacter iologicai analyses - for at least 5 years. 

o Chemical analyses - for at least lO years. Actual laboratory 
reports may be kept, or data may _ be transfer red to tabular 
summaries, provided that the following information is included: 

- Date, place, time of sampling; name of person collecting 

- Identification of routine distribution system sample, check 
samples > raw or process water samples, special purpose 
samples? date of analysis 

- Lab and person responsible for performing analysis 

- Analytical method used 

- Results of analysis 

o Pecords of action taken to correct violations - for at least 3 
years after last action was taken with respect to a particular 
V iolat ion . 

o Copies of written reports, summaries, or comim^ icatioh ^ relating 
to sanitary surveys conducted by itself, p rivate consult ant, or 
local. State or Federal agency - for at least 10 years after 
completion of sanitary survey involved. 

o Recorc3s concerning scheduling of i mpr^pv^^fflejvts^ - not less than 5 
years following expiration of scheduling time. 

Responsibilities for Implementing NIPDWRs 



Federal 

AS already noted, the Federal Cover hmerit through the Environmental 
Protection Agency has set the MCLs and Secondary MCLs for constituents to 
ensure that no adverse health effects occur. ; If a State desires primary 
enforcement au^t^^o^ ty (primac y)^ EPA will certify the pro g ram if the State 
meets regu iremefvts^ . Annual evaluations will be performed to ensure the 
quality of the State program. 

Research, technical assistance, training programs, and funding are 
provided States. EPA may take action if States fail to adopt or properly 
implement the regulations. 
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STUDENT'S SUPPLEMENTARY MATERIALS 



Pub! ic Not i f icat ion 



Record Maintenance 



Respons ibili t ies f or^ imglemen t xrtg— NJJPPWR 



o Federal 
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Most States and territories have assumed primary ehf brcemeht - resjpbhs i- 
bility for enforcement of the regulations. EPA would retain program 
responsibility only if a State is unable or unwilling to meet the minimum 
requirements for primacy. to attain primacy under the Act, a S te must 
adopt stanc3arc3s at least as stringent, as the Federal primacy standards. 
States are free to adopt and enforce more stringent standards appropriate 
to that State. 

Additionally the States must: 

o Maintain an inventory of public water systems. 

o Have a systematic program for conducting sanitary surveys. 

o Establish a program for certification of water testing laboratories 
(unless testing is done by approved State laboratories). 

b Assure that new or modified Public water systems are capable of 
compliance with State drinking water regulations. 

o Establish procedures for enforcement. 

o Authority to sue in court for violations 
o Right to entry 

o Authority to require suppliers to keep accurate records and make 
appropr ia te repor ts to the State 

o Establish and maintain recordkeeping and reporting of its 
act ivi ties . 

o If variances or exemptions are permitted, they rnust be under the 
same conditions as granted under the Federal regulations. 

o Adopt and implement ah adequate plan for providing safe drinking 
water under emergency cbhditidhs. 

Water Utility Responsibilities 

The responsibility of the water purveyor is to meet the primary standards 
set by EPA, or the more stringent State standards. 

These responsibilities include the treatment and monitcjring of 
bacteriological, chierhical, and radiological contaminants; recordkeeping 
and reporting of results to State agencies; and notification of any 
nohcorripliahce to consumers and the public. 

The Natirynal Secondary Drinking Water Regulations are designed to control 
contaminants that affect the esthetic quality of drinking water. High^ 
concentrations of these cpntamihahts may have health as weii as esthetic 
impiications . the federally set contaminant leVels were set as guidelines 
for State regulations provided in Table 2-4. 
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StUDENt'S SUPPLEMENTARY MATERIALS 



Res pons ihil i ties (Continued) 



o State 



o Water Utility 



NationaX Secondary Drinking Water Regalatio n 



STUDENT'S SUPPLEMENTARV MATERIALS 



State Regulations 



IB 
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STUDENT'S SUPPLEMENTARY MATERIALS 



State Regulations 



Table 2-1; Interim Primary Drinking Water Regulations (40 CFR 141) 



Maximum Con tarn i nan t 
Type of Type of Level mg/1 

Contaminant Name Water Sy - tern (except as rioted) 



Inorganic 
chemicals 



Arsenic 
Bar i urn 
Cadmium 
Chrbmiurh 
Lead 
Me r c u r y 
Selenium 
Silver 



Cbmiriuri i ty 



0,05 mg/1 
1, 

0.010 

0.05 

0.05 

0.002 

0.01 

0.05 



Organic 
chemicals 



Turbidity 



Chlorbrgahics 



Fluoride 
53.7*' F & below 
53-8 to 58.3 
58.4 to 63.8 
63-9 to 70.6 
70.7 to 79-2 
79.3 to 90.5 

Nitrate (as N) 



Endr in 

Lindane 

Methbxychlbr 

Toxaphehe 

2,4-D 

2r4,5-TP Silvex 

Turbidity at 
represehta tive 
entry point to 
distribution 
sys tern 

Tr ihaldme thanes 



Community & 
Nbncbmmuni ty 

Cbmmuhity 



Commanity S 
Noncommuni ty 



2.4 
2.2 
2.0 
1.8 
1.6 
1.4 
10. 



.0002 mg/1 

.004 

.1 

.005 
.1 



0.01 

1 TO monthly avg. 
and 5 TU avg. of 
2 consecutive 
days 



Greater than 
lOrOOO Popaiation 
(if it chlorinates 
water ) 



b.i mg/1 
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Table 2-2. Maximum Permissible Micrdbiological contaminants (NIPDWR) 



CoLiform Method 



Per Month 



Less than 20 More 
Samples per Month Samples per Month 



Number of col i form ^jact eria shall not ^ -exceed ; 

Membrane filter 1/100 ml 4/100 mi in one 4/100 ml in 5% 

(LDD-ml portions) average density sample of samples 



jria shall not be present in more than; 



Multiple tube 
fermentation 
(10-ml portions) 



10% of 
per t ions 



3 portions in one 3 portions in 5% 
sample of samples 



Coliform Method 



Per Month 



Less than 5 5 or More 

Samples per Month Samples per Month 



Coliform bacteria shal^ 



__xn n\ore than ; 



Multiple tube 
f ermehtatibri 
(Ibd-ml portions) 



60% of 
portions 



5 portions in more 5 portions in more 
than one sample than 20% of 

samples 



Table 2-3. Maximuiti Permissible Radioactivity (NIPDWR)* 



Cbhtamihaht 



Maximum Cohtaminaat Leyel- 
Picbcurie per liter (pCi/1) 



Natural 



Combined Radium-226 and Radium-228 
Gross alpha particle activity^ including 

Radiam-226 but excluding Radbh and 

Uranium 



15 



Man-Made 



Tritium (total body) 
Strontiurn-90 (bbhe marrow) 

Gross beta particle activity (applicable to 
surface water sources) 

^ 



20/000 
8 
50 



*For full explanation refer to Part 141^ National Interim Primary Drinking 
Water Regulations; 
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Tabie 2-4* Special Monitoring Requirements Under National 
Interim Primary Drinking Water Regulations. 



Frequency 

Cbritaitiinaht Surface Ground 



Sodium 1 sample annually 1 sample at least 

every 3 years 

Corrosivity 2 samples annually 1 sample annually 

(1 mid summer) 
(1 mid winter) 



Table 2-5, National Secondary Drinking Water Regulations 
Maximum Contaminant Levels 



Coritamihahts 



Level 



Chlor ide 

Color 

Copper 

PbaiTiing Agents 
Hydrogen Sulfide 
Iron 

Manganese 

Odor 

PH 

Sulfate 

TDS (Total Dissolved Solids) 
Zinc 



250 mg/i 

15 Color Units 

1 mg/i 

a . 5 mg/l 

Q-05 mg/l 

0.30 mgyi 

0.05 mg/l_ _ 

3 Threshold Odor Number 
6.5-8. 5 _ 

250 mg/l 
500 mg/l 
5 mg/l 
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ONtf 3: WATER SOyRCKS 



Unit Sununary 

Genera i 
Wells 
Spr 1 rigs 

SUrjface Sources 



Unit Cbriterits 

3a: General 

b Hydrbiogic Cvcle 

b Adequate Quality 

d Adev^^uate Quantity 

3b: Well^ 

o sanitc«ry Risks 

o surveying wells 

3c: Springs 



o Sanitary Risks 

o Surveying Springs 

3d: Surface sources 

o Sanitary Risks 

o Surveying Surface SbUrces 
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UNIT 3a: 



General 



Unit Summary 



Hydrolbgic Cycle 
Adequate Quality 



Adequate Quantity 



Unit References 



Manual of individaai Water Supply System 

(Part 1) 
water Systems Handbook 

Water and Wastewater Engineer ing (Volume 1 
Chapter 6) 

Water Treatment Plant Operation (Volume 1/ 
Chapter 2) 

Water Supply System Operation (Chapter 2) 




Basic Material 

The two principal sources of water supplies are surface waters and ground 
waters. Both originate .from precipitation; Some of the precipitation 
collects on the surface of the earth to form streams, lakes, and other 
surface waters. Some seeps downward through the earth where it accumu- 
lates in the pore spaces in the soils that overlay rock formations. The 
seepage continues downward and laterally to fill the interconnecting 
joints , cracks , solution channels , pore spaces , 3n^_other openings in 
these rock formations below the soils. Ground water is not static and 
tends to move slowly through the substrata, some of it reappearing at the 
edge of streartlE: and lakes or as springs and seepage areas . Energy from 
the sun evaporates water from the earth, streams, ' lakes, and seas and 
promotes transpiration of moisture from growing plants to form water vapor 
in the atmosphere. The water vapor forms into clouds^ which in turn 
produce rain and snow to replenish the surface and ground waters. This 
continuous process is called the hydrologic or water cycle ; and by its 
very nature, water is exposed to both natural and man-induced cdhtamiha-' 
t ion - 



Ground Water 



Ground water is the pr ihcipal source of Water for small water supply sys- 
tems. Ground Water generally has a more consistent good bacterial quality 
than surface Water, having undergone considerable natural Purification 
through straining and prolonged storage. However, a number of areas have 
suffered contamination of their ground water due to improper disposal of 
their wastes. Generally it requires little (if 3'^y)^reatment prior to 
use, whereas surface waters invariably require rather sophisticated treat- 
ment. Furthermore, ground waters are readily available in most' areas of 
the country in sufficient quantities to meet the needs of small water 
systems . 



Surface Water 

Precipitation that does not enter the ground through infiltration or is 
not returned to the atmosphere by evaporation flows over the ground 
surface and is classified as direct runoff. Direct runoff is water that 
moves over saturated or impermeable surfaces, and in stream channels or 
other natural or artificial storage sites. The dry weather (base) flow of 
streams is derived from ground water or sribWmelt. 

Runoff from ground surfaces may be collected in either natural or 
artificial reservoirs. A portion of the Water stored in surface 

rC'servbirs is lost by evaporation arid front infiltration to the q^oOnd 

wc:ter table from the pbrid . Trarispiration from vegetation in and adjacent 
to porids cdristitutes another means of water loss. 

Because surface waters are exposed to potentially severe cbntaminatipn by 
both man and nature and because the quality of the water varies cohsider- 
abiy, a relatively high degree of treatment is required to ensure its 
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Hydrdldqic Cycle 



Groundwater 



surface Water 
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cdhstarih safety. The treatment is generally more sophisticated than with 
cjrbuhd waters and requires more diligent operation and maintenance and 
mbr e cb^j ts . 

However, there are occasions when isuirface water is a source for a small 
water supply systiem because of the poor quality or lack of local ground 
water. Other factors being equal, impburidmerits such as natural lakes or 
ponds, or reservoirs, are preferred over streams since the quality of the 
water is usually less variable, reducing the extremes in quality. 



Qoa^ l i t y^ of Wa t e r 

Pr ecipi tat ion in the form of rain , show, hail , or sleet con tains very few 
impurities. Trace amdurits of mineral matter, gases, and other substances 
may be entrained as the precipitation forms arid falls through the earth's 
atmosphere; however, the precipitatibri hais virtually rib bacterial cbriterit. 

Once precipitation reaches the earth's surface, many opportunities are 
presented for the introduction of foreign substances into the water, which 
may lower its quality to the point that it constitutes a health hazard or 
impairs its usefulness. 

Proximity of the water source to nearby sewers, waste disposal^ construc- 
tion projects, animal pasturing, chemically treated agricultural land^ and 
chemical storage areas (such as salt or petroleum) increases the likeli- 
hood of contamination. Other sources of cbhtamihatibn are completely 
natural, such as the impact bf high f lood ruhbf f ^ chemical cbmppsitibh bf 
sbil above the rock (e.g., the presence bf irbri) , br decbmpbsitibh bf br- 
cjariic matter. 

Substances that alter the quality bf water as it moves over or below the 
sur facie bf the earth may be classified as follows: 

o Organic 
o Inorganic 
o Biological 
o Radiological 

impurities in natural waters depend largely bri the ciircums tarices bf the 
source arid itis history. Water destiried fbir ari aquifer picks up impurities 
as it seeps through soil arid rock, iricludirig possible pbllutibri. Pbllutibri 
sources may iricludeleakirig sariitary sewers, septic systems , was te disposal 
sites, and accidental discharges. Uptake of minerals is cominbri. The 
natural straining action does remove some of the particulate matter and, 
combined with a t^eiativeiy long retention period in the ground, will often 
aid in removing micro-organisms i This long retention time can, however, 
create problems in that ground water once contaminated can be costly to 
purge in terms of both time and money. Ground waters have a fairly gtabie 
quality usually not highly affected by seasonal changes; Weils affected 
by seasonal changes tend to be very shallow and subject to easy 
contamihatibn. 
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STUDENT 'S SUPPLEMENTARY MATERIALS - -- 



Sources of Cbntanv iriat ion 
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Wat i sr Demands 



The projected average daily demand is the quantity of water projected to 
be used by a specific system or part of a system in an average day. This 
is based upon experience from water meter readings in similar water 
systems over an extended period of time and reflects the normal seasonal 
and daily variations. For design purposes, it is usually determined by 
estimating the population or units of housing or other units and 
muliplying by an average person or per unit water consumption derived from 
past experienre. Other water demand terms frequently relate to this basic 
term. The average daily demand will be exceeded on many days so it is hot 
appropr iate to des ign merely for the average . For this reason other terms 
are used to express the probable greatest amount of water that may be used 
in one day^ or other period of time. 

Table 3-1 provides a guide for estimating the average daily demand for 
various types of establishments^ in gallons per day per unit. The unit is 
persons per day unless otherwise indicated. The values shown may vary 
throughout the Nation, and the inspector is advised to review local 
information on water systems serving similar size establishments. 

The maximum daily demand is the greatest amouhtof water that a system 
will use in one day. Experience with small residential water systems 
suggests that the maximum day is 1.5 to 2 times the average day. However, 
this ratio may hot apply to other types of water systems. In general, the 
smaller the water system, the greater the variation between the average 
and the ihaximum day. 

The maximuJTi hourly demand is the greatest amount of water that will be 
used in any hour during a day. Maximum hourly demand is sometimes 
referred to as the peak hourly demand, although there will be short-term 
peak demand rates lasting for several minutes that will exceed the maximum 
hourly demand rate. Each type of system exhibits it own maximum hourly 
and short-term peak demands and the hours of peak occurrence will vary. 
As an example^ shopping centers usually experience hourly peaks in the 
early afternoon while residential communities may experience two peak 
hours, about 8:00 a.m. and 6:00 p.m. The maximum hourly demand is often 
expressed as a ratio of the average daily demand, in gallons per minute. _ 
Generally speaking^ the smaller the system, the greater the maximum hourly 
rate in respect to the average daily rate. 

Peak demand is the maximum amount of water necessary to meet the pieak 
short-term demand rate that may occur several times during a day, but 
usually during the peak-hour period. The ins tahtahebus peak may las t for 
several minutes. The rate is particularly important in cons ide ring the 
sizing of the storage tank in a hydropheumatic sys tern. The effective 
storage capacity is usually /designed to meet these short-term peaks. In 
the absence of suf f icient effective storage to meet extended peak demands, 
the_wells and pumps must be capable of meeting the peak demands. The 
smaller the system, the greater the ratio of the peak demand to the 

average demand. Experience with small residential communities suggests 

that the peak hourly demand may range from about 6 to 10 times the average 
daily demand; 
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and 5 



o Average Daily Demand 



o Maximum Demand 



o Peak Demand 



Fire flow is the ambuht of water capacity that must be designed into a 
water system for firefightirig purposes. Fire flow is riot iricluded in the 
defihitibri of average daily and maximum daily demands arid mlist be added if 
fiire protection is desired. Fire flows aire usually expressed as galloris 
per rhiriute to fight a fiire of a certairi duration. Local fiire undeirwr iteirs 
will pirbvide specific requiremertts bri request. 



Sanitary Risks 

ii What type of source (surface, ground or combination)? 

There are specific risks for each type of source, which will be 
covered in later sections of Unit 3 . 

2. What is the total design production capacity? 

Comparison of this figure with present demand figures allows the 
inspector to determine if there is adequate treatment capacity. 



What is the present average daily prbductibh? 



Comparison of this figure with values for bther similar systems bri a 
per capita basis may point but prbblems withiri the system. Ah 
evaluation of average daily prbductibh trends may indicate problems as 
well. Fbr example, if cbrisumptibri is excessive or pirbductibri trerids 
are increasing withbut an accbmpariyirig population or use iricioase, 
leakage withiri the distributibri system may be iridicated. 

What is the maximum daily piroduction? 



Comparison of this figure with design capacity allows determination of 
adequacy of tireatment capacity. 



5. Does system have an "operational" master meter? 

without an operational and calibrated master meter, it is difficult 
for the utility tb accurately moriitbr productibri. ^ 

6. How many service conhectibhs are there? 

This figure prbvides the irispectbr with ah idea of the size bf the 
system; this means the tbtal number bf hbmes arid busiriesses seirved by 
the system. It shbuld hbt iriclude cbririectibris fbr vacarit Ibtis. 

7. Are service cbririectibris metered? 

This allbws a water balance tb be made. There is also a cbrrelatibri 
between metered service and water cbriservatibri . If the system is 
metered, the per capita cbnsumptibri is reduced. 

A review of the system's records and bperatbr irespbnses should provide 
answeirs to these questions. 
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Table 3-1. Guide for Estimatihg Average Daily Water Reqairements* 
(Adapted frbrri various sources for small water systems) 



type of Establishment (The unit is per pers oft Average Daily Use (gpd) 
unless otherwise stated) 

Airport (per passenger) 3-5 

Assembly Halls (P^^^ seatj 2 

Camps - Child, overnite, central facilities 40-50 

- Construction 59 

- Migrant labor 35-50 

- Day type, no meais servec3 15 
Churches (per member) 1_ 
Cottages, season occupancy 50 
Ciabs - Residential 

- Nonresidential _ _ 25 
Factories, sanitary uses, per shift ^5-35 
Food Service - Restaurants ^"-^^ 

- With bars 9-12 

- Fast food 2 
Highway Rest Areas 5^ 
Hotels (2 persons per room) 

institutions - Hospitals (per bed) 250-400 

- Nursing Homes (per bed) 150-200 

- Others 75-125 

Office Buildings zz~^^ 

Laundries, self service (per customer) 
Motels (per bed) 

parks - Day use (with flush toilets) 5 

- Mobile homes (per unit) 200 

- Travel trailers (per unit) ^O-JOO 
Picnic Areas (with flush toilets) 5-10 
Residential Communities _ 

- Multi-family (per bedroom) 120 

- Rooming house arid tourist 
homes type (per bedroom) 120 

- Single family type (per house) 400 
Resort Motels ar.d Hotels ?5-100 

Retail Stores (per toilet room) 400 

Schools - Day, no showers or cafeteria 15 

- Day, with cafeteria _ _ _ 20 

- bay, with showers and cafeteria 25 

- Residential types _ 75-100 
Shopping Centers, per sq. ft. sales area 0.16 
Swimming PcxdIs and Beaches 10 
Theaters - Drive-in (per car) 3-5 

- Others (per seat) 3 



60 



50 
60 



*The values listed in Table 3-1 are for normal water requirements arid do 
not include special heeds or unusual conditions . State and local require- 
ments may vary from those provided in this table. Additional allowance 
should be made for frequent lawn watering, swimming pool ma iriteria^^^ 
industrial or commercial process water> cooling water, f iref ighting , and 
other special uses. 
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UNIT 3b: Wells 



Unit Summary 

Types and Characteristics 
Sanitary Risk Factors 
Surveying Wells 



unit References 

SmallWater SystemsServirig the Public (Chapter 5) 
Manual of Individual Water Supply Systems (Part II) 
Ground Water and Wells 
Well Drilling Operations 

Water Supply System Operation (Chapter 3) 



Basic Material 

To reach the ground waters underlying the earth's surface, a well must be 
constructed to penetrate the diasired water-bearing strata. These 
structures may be dug, driven, bored, jetted, ot drilled, depending on the 
geological formatipris through which they must pass and the depth to which 
they must reach. Dug, driven, bored, and jetted wells are usually 
confined to relatively soft soils overlaying rock and to shallow depths _ 
ribrmally less than 50 feet (15 meters). Weils using these sinking methods 
should hot bie constructed for use as public water sources unless 
specifically approved by the State regulatory agency. Drilled wells may 
be used in both soft and hard soil and in rock and may be sunk to depths 
of several hundred feet. 

Drilled wells can be constructed in all instances where driven and jetted 
wells might otherwise be used and in many areas_ where dug arid bored wells 
are constructed. The larger diameter of a drilled well, compared with a 
driven or jetted well, permits use of larger pumping equipment that can 
develop the full capacity of the aquifer. 

there are various cbmpdrierits of a well, many of which cannot be observed 
by the sanitary surveyor. Some of the more important ones follow. 

Well-casing is installed in wells to prevent the collapse of the walls 
of the bore hole, to exclude pollutants (either surface or subsurface) 
from entering the water source, and to Provide a column of stored 
water arid a hdusirig for the pump mechanisms and pipes. 
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Cement grout is used to fill the annular open space left around the. 
outside of the well casing during cbhstructibh to prevent undesirable 
water and contamination from entering the well. 

Screens are installed at_ the intake point of the well to hbld back 
unstable aquifer material and permit free flow of water into the 
well. The well screen should be of good quality (cor rbs ibh-res is taht , 
hydraulically efficients arid with good structural properties). 



We l l head cover s or seals aire used at the top of the casing or pipe 
isleeve connections to prevent contaminated water or other material 
from entering the well. A variety of covers and iseals are available 
to meet the variety of conditions encountered , but the principles and 
the objective of excluding contamination are the same. 



Pitless adapters are used to eliminate the need for a well pit. 
Because of the flooding and pollution hazards involved, a well pit to 
house the pumping equipment or to permit accessibility to the top of 
the well is not recommended. Some States prohibit its use. These 
units vary in design but generally include a special fitting designed 
for mounting on the side of the well casing. The well discharge arid 
other piping are screw-threaded into the fitting^ providing a tight 
seal. The pitless system permits the cbririectibri of the well pipirig to 
the casing underground below frost depth aridf at the same time, 
provides for good accessibility to the well casing for repairs without 
excavation • 

Sanitary Risks 

1. Is the aquifer recharge area protected? What is the riature of the 
recharge area? 

The riature of activities dri the rechargie zone arid Whether or riot they 
are controlled cari irifluerice the quality of the Water source. This 
in format ion can assiist the inispector in the identification of the 
pdteritial source. The recharge area can be protected by means ranging 
firom ownership of the area by the utility with ^fstricted access to 
zoning laws prohibiting the use of subsurface waste disposal (septic 
tanks) . The owner/operator should know this information; 

2. is the site subject to flooding? 

The ihtrbductibh of surface waters into the well should be avoided. 
Runoff in the iminediate area should be drained away from the well 
site. The well field should riot be placed iri a flbbdplairi (100-year 
flood). To protect a well is easier thari to cleari ari aquifer brice it 
is cbritamiriated. Irifbrmatibri bri flooding arid site drairiage may be 
bbtained from the owrier/bperatbr , visual irispectidri, a flood stage 
records. The exposed casirig should teirmiriate 18 inches above known 
flood level. 

3. Is the Well located iri the proximity of a pdteritial source of 
pollution? 
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Components (Continued) 



o Cement Grout 



o Screens 



d Well Seais 



o pitless Adapters 



Sanitary Risks 
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Vbur State regulatory agency should be consulted for its policy con- 
cerning well location^ particularly the minimum protective distances 
between the well and sources of existing or potential pbllutibn. 
Table 3-2 is an example of typical minimum distances, these distances 
are based on general experience and are not guarantees of freedom from 
cdhtamihation. The water purveyor should P^^ovide even greater protec- 
tion where possible. The table applies to properly constructed wells 
with protective casing set to a depth of at least 20 feet below ground 
surface. Other types of wells will require special cons ideratidhs • 

Table 3-2. Sample Minimum Distances Between Wells and Pbllutibn Sources 



Scarce Feet from Well Remarks 









Watertight Sewers 


50 




Other Sewers 


100 


Consult the State 


Septic Tanks 


100 


regulatory agency 


Sewage Field, Bed or Pit 


200 


for special local 


Animal Pens and Yards 


200 


requ irements • 


Source: Small Water Systems Serving 


the Public , Chapter 5 - 


4. What is the depth of the well? 






The greater the deptn of the aquifer utilized, the 


less chance of 


surface cdritamination degrading 


the water quality. 


Deeper aquifers 


generally have a more consistent 


quality of water. 





5. What is the well drav/down? 

Drawdown is the difference between static water levels and pumping 
water levels. Measuring drawdbwn is important since ghariges in draw- 
down can indicate problems in the aquifer (declining water levels) or _ 
well (incrustation, sand). The operator should be able to provide this 
information. If the bperatbr is hot measuring drawdown, he/she should 
be encouraged tb db sb. 

6. What is the depth of the casing? 



The casing must be strong enough to resist the pressures exerted by^ 
the surrounding materials and corrosion by soil and water environments. 
The casing must be of the proper length to provide a channel from the 
aquifer to the surface through unstable formations and through zones 
of actual or potential contamination. The casincf should extend abbve 
potential levels of flooding and should be protected from flood water 
cdritamihatioh and damage. In unconsolidated soils^ the casing shbuld 
extend at least 5 feet (1.5 meters) below the estimated maximum 
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expected drawdown level; in consolidated rock formations, the casing 
should extend 5 feet (1.5 meters) into firm bed rock and sealed into 
place. The operator should be able to provide this information; 

1, What is the depth of grouting? 



Specific grouting requirements of a well depend on the existing 
surface conditions, especially the location of sources of pollution^ 
and the subsurface geologic and hydrologic conditions i To achieve 
the desired protection against contamination, the annular space must 
be sealed to whatever depth is necessary r bat in no case less than 20 
feet. 

8. Does the casing extend at least 12 inches above the floor or ground? 

This provides protection against surface runoff or drainage 
problems. The 12 inches is recbmrnehded when there is no potential 
for flooding. 

9. Is the well properly sealed? 

Well head covers or seals are Used at the top of the casing or pipe 
sleeve connections to prevent contaminated water or other material 
from entering the well. A variety of covers and seals ai^e available 
to meet the \?.ariety of conditions encountered, but the principles and 
the objective of excluding contamination are the same; Weil covers 
and pump platforms should be flevated above the ^djacent finished 
ground level and should be sloped to drain away from the well 
casing. Wel-1 pits should not be used^ since they may result in 
contamination. Pitless adapters are used to eliminate the need for a 
well pit. Because of the flooding and pbiiutioh hazards involved, a 
well pit to house the pumping equipment or to permit accessibility to 
the top of the well is not recommended; Some States prohibit its 
use. A concrete slab around the well casing is not a completely 
reliable seal, since burrowing animals and insects can undermine it 
or it can be broken or cracked from frost heave br vehicles. 

10, Does the well vent terminate 18 inches above grbbnd/f Ibbr level or 
above maximum flood level with return bend facing downward and 
screenec3? 

This is tb keep water Jfrbm water cooled bearings for example), dust, 
insects > and animals frbm entering the well casing. 

11. Does the well have a suitable sampling cock? 



This is important when trying to isolate sources of contamination in 
a well field. If there is a well field and individual sample cocks 
are hot provided, it is difficult to determine if one or ait weii^ 
are the problem. 



3-19 



STUDENT'S SUPPLEMENTARY MATERiALS 



sanitary- Rislcs (Continued) 



t 



43 

3-20 



^2- valves, blbwbff valves, and water meters maihtaihed and 

operated properly? 



Valves shoul'i be maintained and operated to prevent contamination 
from entering the well; 

13. Is the upper termination of the well protected? 

The tipper termination of the well should be either housed or fenced 
to protect it from vandalism and vehicle damage. 

14. Is lightning protection provided? 



Lightning surges can develop in power lines dur ing thunders tor ms . 
Such surges can damage pump motors, creating loss of water supply as 
well as costly repairs; To protect against this, lightning arrestors 
can be provided where service lines are connected to service entrance 
cables or at the motor control box. ft rouitigroand arrangement can be 
provided that grounds the entire pump and well against damage; 

15. Is pump intake located below maximum drawdown? 

This prevents the pump from running dry as well as protects against 
contamination in upper portions of water table from being pumped. 

16- Are foot valves and/or check valves accessible for cleaning? 

fts with above-ground valves, these valves must be maintained in ah 
operating manner to prevent flow of undesirable water into the well. 
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UNIT 3c: Springs 



Unit Summary 



Spring Source Cbllectibh System Compbhehts 
Sanitary Risks 



Unit References 



Small Water Systems Serving the Public ^ 

(Chapter 7) 
Manual of Individual Water Supply Systems 

(Part II) 



Basic Material 

To properly devieldp a spring supply, the natural flow of ground water must 

be captured below this ground surfaciB, ^n^_the method used must not 

contaminate the water. Springs subject to contamination by wastewater 

disposal systems, animal wastes, and surface drainage; Springs are also 
susceptible to seasonal flow variations^ and the yield may be reduced by 
the pumping of nearby wells. 

Springs may be gravity or artesian. Gravity springs occur where the 
water-bearing stratum overlays an impermeable stratum and outcrops to the 
surface. They also occur where the land surf ace intersects the water 
table. This type of spring is particularly sensitive to seasonal 
fluctuations in ground water storage* and frequently dwindles or 
disappears during dry periods. Gravity springs are characteristically 
low-yielding sources/ but when properly developed they may be t" ' isfactbry 
fbr small water supply systc^ms. 

Ar tes iah spr ihgs discharge frbm artesian aquifers. They roay bccur where 
the cbhfihihg fbrmatibh bver the artesian aquifer is ruptured by a fault 
or where the aquifer butcrbps at a Ibwer elevatibh. Artesian springs are 
usually more dependable than gravity springs, but they are particularly 
sensitive to the pumping bf wells develbped in the same aquifer. As a 
cbhsequence, artesian springs may be dried up by nearby well pumping. 
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Important criteria for spring sources include selection of a spring with 
acceptable water quality r development to the required quantity of water r 
and sanitary protection of the spring collection system. The measures 
taken to develop a spring must be tailored to the prevailing geological 
conditions ; 

Spring Source Coiiection System 

Spr ing flow is intercepted by a system of perforated pipes driven into the 
water-bearing stratum or laid in gravel-packed trenches. The flow is 
directed into a storage tank. As an alternative, a watertight concrete 
collection chamber is constructed with openings in the bottom and/or a 
side wall to intercept the flow. This chamber may also serve as the 
storage tank. Where possible, the walls of the coiiection chamber chduld 
extend to bedrock or the impervious stratum. The watertight walls should 
extend 8 or more inches above ground to prevent entrance of surface 
water. Ah overlapping (shoe-box) cover will prevent entrance of debris. 

The tank is usually constructed in place with reinforced concrete to 
intercept as much of the spring as possible. When a spring is located on 
a hillside, the downhill wall and sides are extended downward to bedrock 
or impervious soil to ensure that the structure will hold back water to 
maintain the desired level in the chamber. Supplementary cutoff Walls of 
concrete or impermeable clay may be used to assist in cbhtrbllihg the 
water table in the vicinity of the tank. The lower pbrtibh of the uphill 
Wall of the tank must have an open construction to allow water to move in 
freely while the aquifer material is held back . Backfilling with graded 
gravel will aid in restricting movement of aquifer material; 

ISie tank cover should be cast in place to ensure a good fit. The cover 
should extend down over the top edge of the tank at least 2 inches, should 
be heavy enough to prevent dislodging by children > and should be lockable. 

A drain pipe with an, exterior valve should be placed close to a wall of 
the tank at the floor level to permit draining. The end of the pipe 
should extend far enough to allow free discharge to the ground surface, 
away from the tank. The discharge end of the pipe should be screened to 
prevent nesting by animals and insects. 

The overflow is usally placed slightly below the maximum water-level 
elevation. The overflow should have a free discharge to a drain apron of 
rock to prevent soil erosion at the point of overflow and should be 
screened. 

The supply jjitake should be located about 6 inches above the floor and 
should be screened. Care should be taken to ensure gbbd bond between 
pipes and the concrete structure. 
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Infiltration Galleries 



Recreational or other developments located in the mountains may have 
access to a head water mountain stream where the watershed is generally 
heavily forested and uninhabited by man. However > after periods of heavy 
rainfall or spring thaws, debris and turbidity may cause problems at the 
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Spring Source Coiiection System 



b Interceptor 



d Tank 



o Tank Cover 



o Drain Pipe 



6 Overflow 



d Intake 



water intake and will materially increase the required degree of 
treatment • If the conditions are suitable^ this problem can be avoided by 
constructing the intake in an underground chamber (infiltration gallery) 
along the shore of the stream or lake. 

Gallaries may be considered where porous soil formations adjoin 
or lake so that the water can be intercepted uhder§bund. to_ take 
of ha tural filtration . Ahygallery access structures should be 
above the level of severe flood ihg. 

A typical ins tallatibri generally involves the construction of ah 
uhderdrained r sand filter trench located parallel to the stream bed arid 
about 10 feet from the high water mark. The sand filter is usually 
located in a treiich With a minimum width of 30 inches and a depth of about 
10 feet, sufficient to intercept the water table. At the bbttbffl of the 
trench, perforated or open joint tile is laid in a bed of gravel about 12 
inches in thickneissr with about 4 inches of graded gravel located over the 
tile to jsupport the sand. The embedded tile is then covered with clean ^ 
coarise sand to a minimum depth of 24 inches, and the remainder of the 
trench backfilled with fairly impervious material; The collection tile 
drains to a Watertight/ concrete chamber from which Water may flow to the 
distribution jsystem by gravity or pump, whichever is appropriatei 
Chlorination is generally neceissary and may be done in the chamber or at 
another place, bat prior to any use; 



Where soil formations adjoining a stream are unfavorable for the location 
of an infiltration gallery, the debris and turbidity that are occasionally 
encountered in a mountain stream may be controlled by constructing a 
modified infiltration gallery in the stream bed. 

If a natural pool is not available in the stream bed, a dam is usually 
constructed across the_stream to form a pool. The filter is installed in 
the pool by laying perforated pipe in a bed of graded gravel, which is 
then covered by at least 2^ inches of clean, coarse sand. About 24 inches 
of freeboard should be allowed between the surface of the sand and the 
surface Water level. The collection lines may terminate in a watertight, 
concrete basin located adjacent to the upstream face of the dam from where 
the water is diverted to chlorination facilities i 

Sanitary Risks 



1. is the recharge area protected? 

2- What is the nature of the recharge area? 

3. Is the site subject to flooding? 



The rationale for the above questions is the same as that for wells. 



4. Is the collection chamber properly constructed? 

The collection chamber should be watertight to prevent the inflow of 
undesirable water. The tank cover should be impervious and lockable . 
The drain should have an exterior valve and the exterior end 
screened. fhe_bverflow should have a free discharge to a drain apron 
to prevent soil erosion. This ihf brir.at ich ntay be obtained by 
inspection of the cbllect^ibii chamber. 
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IS the supply intake adequate? 



The supply intake should be located € inches above the chamber floor 
and screened; This location reduces the withdrawal of the sludge that 
may build up in the chamber. 

Is the site adequately protected? 

The following precautionary measures will help ensure spring water of 
cons is ten tly h igh qua! i ty : 

b Diversion of surface drainage from the site. A surface drainage 
ditch should be located _ uph ill from the source to intercept 
surface water runoff and carry it away from the source. Springs 
in close proximity to _ agr iculturally developed land treated by 
pesticides and herbicides may be particularly susceptible to 
cbhtamihatibh . 

o Protect ion from stray livestock and from tampering by means of 
site fencing, locked covers, and warning sighs. 

What conditions cause changes tb quality of the water? 

A marked increase in turbidity or flow after a raihstbrirt is a gbbd 
indication that surface runoff is reaching the spring. 
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UNIT 3d: Surface Sources 



Unit Sumitlary 



Types and characteristics 
Sanitary Risks 



Unit References 

Small Water Systems Serving the PUblic 
(Chapter 8) 

Manual of Individual Water Supply Systems 

(Part III) 
Water Treatment Plant Operation 

(Volume 1, Chapters 2 and 3) 
Water Supply System Operation (Chapter 2) 



Basic Material 

Surface w^tcr sources used for small water supply systems require consid- 
eration of additional factors hot usually associated with ground water 
sources. When small streams, open ponds, lakes, or open reservoirs must 
be used as sources of water supply, the danger of contamination and C5f the 
consequent spread of intestinal diseases sucty as typhoic3 fever and dysen- 
tery is generally increased. Clear wa ter ii^; not always safe, and the old 
saying that running water "purifies itself"^* to drinking water quality 
within a stated distance is false. 

The physical, chemical, and bacteriological contamination of surface water 
makes it necessary to regard such sources of supply as unsafe for domestic 
use unless reliable treatment, including filtration anc3 disinfection, is 
provided. The treatment of surface water to ensure a constant, safe 
supply requires diligent attention to operation and maihtehahce by the 
owner of the system. Principal sources of surface water that may be 
developed are controlled catchments, ponds or lakes, surf ace streams , and 

irrigation canals. Except for irrigation canals, where discharges ate 

dependent on irr igatioh activity , these sources derive water from direct 
precipitation over the drainage area. - 
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Controlled Catchments 



In some areas> ground water is so inaccessible or so highly mineralized 
that it is not satisfactory for domestic use. In these cases ^ the use of 
controlled catchments and cisterns may be necessary. A properly located 
and constructed cbntrblled catchment arid cistern, augmented with a 
satisfactory filtration unit and adequate disinfection facilities , will 
provic3e a safe water. However, cisterns should be utilized only when ho 
other source is available. 



Pdrids/Lakes /Reservoirs 

The development of a pond as a supply source involves; (1) selecting a 
watershed that permits only water of the highest quality to enter the 
jxDrid, 12} using the best water collected in the Pond, (3) filtering the 
water to remove turbidity and reduce bacteria, (4) disinfecting filtered 
water, (5) properly storing the treated watcc, and (6) properly 
maintaining the entire water system. 

The value of a pond or lake as a source is its ability to store water 
during wet periods for use during periods of little or no rainfall. A 
pond should be capable of storing a minimum of one year's supply of 
water. It must be of sufficient capacity to meet water supply demands 
during periods of low rainfall with an additional allowance for seepage 
and evaporation losses. The drainage area (watershed) should be large 
enough to catch sufficient water to fill the pond or lake during wet 
seasons of the year . 

To minimize tne possibility of chance contamination, the watershed should 
be: 

o Clean, preferably grassed 

o Free from barns, sejptic tanks, privies, arid soil-absorption fields 
o Protected against erosion and drainage from livestock areas 
o Fenced 

The pbrid should be: 



d Not le::.s than 8 feet deep at the ^^^pest point 
d Large enough to store at least one year's supply 
o Designed to have the maximum possible water 

storage area over 3 feet in depth 
o Fenced 

o Free of weeds, algae, and floating debris 

In many instances, pond development requires the cdhstructidri of ah 
embankment with an overflow or spillway. 



Streams and Rivers 

Streams receiving rurioff from large uhcdritrdlled watersheds may be the 
only source of water supply. The physical, chemical, arid bacteriological 
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qaatity of surface water varies and may irhpose uriusually or abnormally 
high loads on the treatment facilities. 

Stream intakes should be located upstream from wastewater discharges, 
storm drains, or other sources of contamination. The water should be 
pumped when the silt load is low. A low-water stage usually means that 
the temperature of the water is higher than normal and the water is of 
poor chemical quality. Maximum silt loads^ however, occur during maximum 
runoff. High-water stages shortly after storms are usually the most 
favorable for diverting or pumping water to storage. These conditions 
vary and should be determined for the particular stream. 

I rrigation Canals 

If properly treated, irrigation water may be used as a source of domestic 
water supply. Watier obtained from irrigation canals should be treated th< 
same as water from other surface water sources. 

Water from irrigation canals may contain large concentrations of 
undesirable chemicals, including pesticides, herbicides^ and fertilizer. 
Periodic chemical analysis shouici be made. 

Sanitary Risks 



1. What is the nature of the watershed? 

Industrial Agricultural Forest Residential 

As previously noted > the activities on the watershed will impact on 
the water quality of the runoff. the potential for spills from 
industrial activities, herbicides and pesticides from agricultural 
land uses, organics from plant decay, and ah imal-borne diseases are a 
few problems that may be indicated by land use on the watershed. 

2. What is the size of the owned/protected area of the watershed? 

TO reduce the extent of contamination of the watershed, many utilities 
have chosen to purchase a portion of it- _^riother me thod is to 
restrict activities through zoning restrictions and ordinances. 

3. HOW is the watershed controlled? 

This question allows the inspector to evaluate the effectiveness of 
watershed control rrieasures. Ownership with restricted access is the 
most stringent measure but it is ^Iso the most costly. If ordinances 
are used, the inspector may wish to know how they are enforced. 
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Has management had a watershed survey perforrhed? 



if the utility has had a watershed survey conducted, mariy_bf the 
above questions _may be answered by referring to it. The fact that a 
utility has conducted such a survey would Indicate a concern bri its 
part for the protection of the supply. 

5, Is there ah emergency sjpill response plan? 

Some industries (e.g.r petroleum) are required . to have emergency 
spill plans. Potential spill sites should be identified by the 
uti y and cbhtihgency plahs_ develbped in the case bf a spill. 
How ver, because a plan is only paper the necessary equipment arid 
persoririel must be ideritified arid codrdiriatibri betweeri respective 
agericies (fire.^ police, water Utility) wbirRed but prior to ariy 
emergericy . 

6. Is the source adequate in quantity? 

To answer this question, the inspector shcald determine if the source 
is adequate for present as well as future demands. The source should 
be able to continuously meet the demands of the water system. 
Decreasing trends in quantity are also important to note. Operation 
records should provide this information. 

?• Is the source adequate in quality? 

A review of monitor ing records should reveal this ariswer . As with 
quantity/ any trends bf decreasirig quality should be ribted. 

8. Is there any treatment jprbvided in the reservoir? 

The additibri bf any chemicals tb the reservbir should be ribted. 
Particular concern is assuring that brily approved chemicals be 
utilized and that they be properly applied. 

9. Is the area around the intake restricted fbr a radius bf 200 feet? 

Restrictibri of cbritact spbr ts (e.g., swimming arid water skiirig) arid 
use bf pbwerbbats in the viciriity of the iritake is importarit. This 
will reduce the cblifbrm arid drgariic pollution of the intake water. 

10. Are there ariy sources of pollution in the proximity of the intakes? 



Sources of pollution such as wastewater discharges, feedlots, 
"^?^^D?2 ' boat launching ramps should be identified; If the use 

of the reservoir is no^ restricted, the impact of activities should 
be minimized as much as possible by keeping them away from the 
intakes . 
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it. Are muitiple intakes located at different levels utilized? 

Because of fluctuations of th? water surface elevation and the 
variability of water quality with depths it is necessary that intakes 
be provided at different depths. Seasonal turnover of the reservoir^ 
algal blooms, and thf^rmal stratification can cause water quality 
problems. This applies to deep reservoirs^ streams, and shallow' 
reservoirs riot subject to stratif icatiori cbmmbrily utilized it 
t ingle-level intakes . 

12. Is the highest quality water being drawn? 

The operator should be performirig moriitdring tests to determine the 
water quality at the various depths iri order to draw the best quality 
water. The operator should be questioned as to how the intake level 
is selected, what tests are accomplished, arid at what frequency. 
Suggested tests are dissolved oxygen, metals, arid riitrbgeri values. 

13. How often are iritakes irispected? 

AS with all components, maintenance must be periodically perforniod on 
the intake structure . Removal of debt is and inspect ion of intake 
screeii integrity will prevent damage to piping valves and pumps. 
This is particularly important daring winter months due to tne danger 
of sheet and frazzle ice buildup. 

14. What conditions cause fluctuations in water quality? 

Conditions such as stratif icatiori, algal blooms, ice forma tibri, 
on-shore winds, and charigirig currents may create adverse changes to 
water quality. Conditions creatirig such problems should be rib ted as 
well as what measures are being takeri to mitigate them. 



15 . Has the dam been irispected f br safety (if appl i cable) ? 

Dams should be rbutiriely irispected tb avbid cdriditibris that may 
endariger their iritegrity«_ Mariy States require that such inspections 
be performed. However, if riot required, bperatbrs should be 
encouraged tb look fbr such thirigs as erbsiori, sirikhbles, bUrrbwirig 
animals, and trees grbwirig iri the dam face. 
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Unit Sommary 



Types of Pomps 
Sanitary Risks 



Unit References 



Manual of Instruction for Water 

Treatment Plant Operators (Chapter 19) 
Environmental Sanitation (Chapter 3) 
Water Supply Engineer ing (Chapter l5) 
Recommended Standards for Water Works 
Water Supply System Operation (Chapters J 
and 5) 
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Types of P \£s 



fesitive Displacement Pumps , The positive displacement purrip forces or 
displaces the water through a. pumping mechanism. There aire several 
types : reciprocating p»umps , hel ical or spiral irbtor , regenerative turbine 
pumps > and diaphragm pumps, 

Ce^^tx i f Ugal PUrtips . Centrifugal pumps contain a rotating impeller mounted 
on a shaft turned by the power source. The rotating impeller increases 
the velocity of the water and discharges it into a surrounding casing 
shaped to slow down the flow of the water and convert the velocity to 
pressure. This decrease of the flow further increases the pressure. 

Jet (Ejector) Pumps . Jet pumps are actually combined centrifugal and 
ejector pumps. A portion of the discharged water from the centrifugal 
pump is diverted through a nozzle and venturi tube, A pressure zone lower 
than that of the surrounding area exists in the venturi tube; therefore, 
water from the source (well) flows into this area of reduced pressure. 
The velocity of the water from the nozzle P^Jshes i t through the pipe 
toward the surface where the centrifugal pump can lift it by suction. The 
centrifugal pump then forces it into the distribution system. 

Rotary Pumps . in the rotary pumps there are two cams or gears that mesh 
together and rotate in opposite directions. The gear teeth or cams fit 
closely to the casing so that the water will be drawn up the suet ion _pipe 
and forced into the discharge pipe. Such pumps require no valves and are 
self-pi^iniing. They are positive displacement. They can be operated at 
high speeds and so obtain large capacity with small size. They have -the 
disadvantage of showing considerable slip. Water containing grit is 
especially injurious to them. 



Sani tary— Ri^^ 

1. What is the number (including reserves) and location of pumps? 

At least two pumping units should be provided (for both chemical feed 
and water applications of pumps). Pumps may be used for a variety of 
reasons within the system: raw water, chemical feed, finished water, 
and solids movement, the type of pump is important to assure proper 
application. For example, positive displacement-type solution pumps 
should be used to feed liquid chemicals but not to feed chemical 
slurries. The operator and a review of the plant schematic can 
provide this information. 

2. What is the rated capacity of the pumps? 

Pumps should have ample capacity to supply the peak demands with 
dangerous overload. The inspector should also ask when the pump was 
last rated. This is particularly important when the pumping time is 
used to estimate water production . The pump may have been rated 10 
years ago for 200 gpm, but due to changes in the pump and system is 
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presently only pumping 125 gpm. The inspector should also note if the 
pump is metered. This can help r.h** operator detect changes in the 
system and take corrective action before a serious problem develops. 

3. What is the condition of the equipment? 

The pumps should be operable.' No benefit is pirbvided the system when 
only one of its three raw water pumps is functional. The inspector 
should note the state of repair. Although pacRirig gland seals require 
a constantdrip of water ^ it should riot be an excess ive spray ^ _The 
piiii.ps should not be bvergreased or dverdiled. Excessive noise and 
vibration, particularly of centrifugal pumps, would indicate 
problems. Note the cdriditidn of the room; if it "s dirty , operation 
cariridt be satisfactory- Dirt will get into the lubricants and shorten 
the life of the bearings. 

t. What type of lubricant is used? 

In the case of well pumps ^ this is particularly iinportant since oil 
contamination of the aquifer is possible from improperly mairitairied 
submersible pumps. In the case of water-lubricated pumps, the 
possibility of cross-connection exists. 

5. Is the emergency power/backup system prdvided? 

Emergency power is riecessary for cbritiriudus operation of the water 

system. This may be provided by ari auxiliary generator or by directly 
connected engines. The inspector should note hdW emergency POwer is 
provided, how frequeritly it is tested, arid whether there is automatic 
or manual switchover. This irispectdr shduld also be ooncerned with 
the number of primary power failures. Availability of replacement 
pumps, motors, and critical parts should also be evaluated- 

Are ail elec tro/mechari ical rbtatirig equipmerit prdvided with protective 

guards? 

The inspector shduld ridt drily be concerned with the sanitary aspects 
of the equipmerit but safety as Well- The inspector should check to 
see that belts, gears, rdtatirig shafts, and electrical wiring are 
properly shielded td preverit irijury. 

7. Are coritrols functioning properly and adequately protected? 

All controls should be functional. Jerry-rigging of coritrols presents 
both an electrical hazard and risk of failure of the pump. 

8; Are underground compartments and suction wells waterproof? 

Pump stations should be waterproofed to preserit fldddirig df the pump 
room; The suction wells should be protected to preverit eritrarice df 
undesirable water into the compartmenc either through the walls dr 
surface water. 
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Are perrPc ^ehtly rribuiited laddisirs isourid and firmly anchored? 

As previously stated, the inspector should be concerned with safety • 
This cbhcerh is hot only for the operator's sake bat fo^^ ^he 
inspector's own preservation; The inspector should follow safety 
procedures and ihfbrin the operator of unsafe conditions or acts (e.g.> 
entering a confined space that is not properly ventilated); 

Is the facility properly protected? 

The site should be properly protected against fire, flood, vandalism^ 
and other hazards- The loca*: on should be a minimum of one foot above 
the highes-t flood elevation. Runoff should drain away from the 
pumping station. Pumping facilities should be protected against 
vandalism and anau thor izec3 entry by animals or people. 
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UNIT 5: WATER TREATMENT 



unit Summary 



Trea trtient Processes 
Sanitary Fisks 



Small -^ater Supplies Serving the Public 

(Cha. ters 9, 10^ 
Manual of Instruction for Water Treatment 

Plant Operators (Chapters 5-15) 
Manual of Water Utility Operations 

(Chapters 7-11) 
Water Treatment Plant Operations 

(Volume 1, Chapters 4-9 and 11) 
Water Supply System Operation (Chapter 4) 



Basic Material 

The purpose of water treatment is to condition, modify or remove 
undesirable impurities to provide a water that is safe, nalatable^ and _ 
acceptable to consumers. National standards ^specified in the NIPDWR with 
maximum contaminant levels) for some of the impurities that are cons idered 
important to the health of consumers are set under the Federal Safe 
Drinking Water Act. If these contaminants are present in excess, of the 
established limits, the water must be treated to reduce the levels . Some 
impurities that affect the esthetic qualities of the water are listed in 
SDWR as gu ielines. Treatment or modification of the water to achieve 
these desirable levels is highly recommended. 

Some of the common treatment processes and their purposes are: 
Pretreatment - gene a;.iy for removal of taste and odors. 

Coagulation/Floccuiation - treatment with certain chemicals for 
collecting nonset tieable particles into larger or other fine-grained 
ma* trials to remove particulate matter too light or too finely 
ided for removal by sedimentation. 

Sedimenta tioi* - rerioval of siispehded matter. 
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Filtration - filtering through sand, anthracite, or other fine- 
grained mater ialis to remove par ticalate matter too iight or too 
finely divided for removal by sedimentation; 

Dis infecti on - destroying pathogenic organisms with chlorine^ certain 
chlorine compounds, oi other means. 

For specific information on the treatment process > the suggested 
references should be consulted; It is suggested that the inspector be 
familiar with: 

Coagulation: Aluminum Sulfate and iron Salts 
Chlorination: Gas and Hypochlorite 
Fxttration: Rapid Sand 

Pressure 

Diatomaceoun Ear th 

Ion Exchange 

Lime Softening 

Sedimentation . 

Taste and Odor Control 

Corrosion Control 



Sanitary Risks 

Prechlor ihatibrv /Chemical Pretreatin ent 

Although treatment for taste and odors can be performed at several 
locations in the treatment process, frequently it is conducted as a 
pretreatment. This allows the time in the pipe from the intake to the 
plant to be used as contact time. Chemicals commdnly used are _chlbrihe , 
activated carbon, potassium permanganate> c * 'e> and chlorine dioxide. 
There are other pretreatment processes such as aeration, presedimenta tion, 
and screening that may be enc6untered> but the following questions deal 
with processes utilizing chemical addition. 

1. What chemtcai is used? 

The inspector should determine what chemicals are utilized, if they 
are approved, and if they are being properly applied. 



2. What is the amount used? 

The amount utilized should be based on testing. The inspector shouio 
inquire as to how the dosage is determined and how frequently . In 
some cases the inspector will find that the dosage has been based on 
tests conducted in the distant past and has remained the same even 
though conditions have ^'hanged . 

3. For prechlbcihatibh, has tbtal tr ihalomethanes (TTHM) been evaluated? 

Although TTHM cbhtrbl is not required for systems serving a 
pbpulatibn of less than 10,000, the inspector should determine if the 
operator is aware of their impact and causes. The dbsage ahd/br 
application point may be changed to reduce their levels. 
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4. What is the point of application? 



The inspector should detetuttne that chemicals ar Deing added at the 
best point to achieve the ^f^^^^^.^^^^?-^^^ inspector should 

alert the operator to improper application such as addition of 
powdered activated carbon and chlorine at the same point; 

Is proper mixing achieved based on visual observation? 

The inspector should be looking for evidence of short circuiting. 



6: What other pretreatment is provided? 

Other processes should be noted and evaluated as to their sanitary 
risks. 

Ch em leal Feed 



This section deals with chemical addit ion for such processes as coagu- 
lationr lime spftehih§r activated carbon addition, and corrosion control^ 
A good policy is for the inspector to draw a simple schematic of the plant 
systems and where chemicals aire added. The following questions apply to 
chemical feed. 

1. What chemical is Used? 

The inspector shbUld determine what chemicals are utilized, and if 
they are approved. The question should be asked as to how the dosage 
is determined and frequency of this determination. 

2. Where is it applied? 

The inspector should note the application point and evaluate it in 
light of the purpose of the chemical addition. 

3. What is the condition of the feed equipment? 

The equipment should be functional and properly maihteined. For 
example, with dry chemical feeders watch for problems with "bridging" 
of the chemical in the hopper. Liquid sblUtibh feeder lines should 
be observed to see that they are hot clogged. The operator should be 
asked if a preventive mairiteriahce program exists and is utilized^ 
The care taken for the equipment of the facility could reflect the 
operator's attitude towards the system as a whole. Cross connections 
and the possibility of bacterial contamination of stock solutions 
should be noted. 

A. Are iristrumeritat ion and coiarols for the process adequate, opera- 
tional, and being utilized? 

Coritrbliinj processes is difficult when instrumentation is> not 
fuhctibhal ahd/br properly calibrated . The instrumentation is 
useless if the operator does not know the significance of the 
measurement. The inspector should observe the controls and question 
the operator about calibration checks and what is done based on the 
measurement . 
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5. Is chemical storage adequate and safe? 

At least a 30~day supply of cherhicais on hand is recommended, tevel 
iridicatprs and overflow protection should be provided for liquid 
chemical storage. this is particularly impMDrtant for tanks located 
near a well to prevent con tarri;! nation of the aquifer. Chemicals 
stored together should be cbmpatible. For example, hypochlorite and 
activated carbon should not be stored near each other. Strong acids 
should not contact chlorites; Chemicals should be stored in a manner 
that would preclude a spill from entering the water being treated or 
the source. 

6. Are adequate safety devices available and precautions observed? 

Safety gojgies/ gloves, hearing protection, and respirators should be 
provided for protection against injury by the particular chemicals. 
The inspector should observe safety procedures during the 
inspection. As stated previously, the inspector should be concerned 
with safety, the operator's and his own, 

M i >: i ng 

1. Is mixing adequate based on visual observation? 

Problems with short circuiting should be noted. Adequate solution 
water and agitation should be provided in the case of dry chemical 
addition. 

2. Is equipment operated properly and in good repair? 

Mixing can be accomplished by several means (mechanical mixers, 
diffusers, pump blenders, and baffles). The inspector should 
determine that the particular means utilized is functioning properly. 



Flocculat ion/Sedimentation 

1 - Is the process adequate based on visual observation? 

The inspector should observe^\'i;^there is good floe formation prior to 
sedimentation. The best floe si^ ranges from 0.1 mm to about 3 mm. 
there should be little carryover of the floe from the sedimentation 
basin. ^ I 

2. Is equipment operated properly and in good repair? 

In the case of mechanical f loccula tors , the paddies shouic3 all be 
present and turning. the f loccula tors should not break up the floe. 

3. Are jar_ tests being performed to determine optimum dosage of 
chemicals? 

Prbpier coagulation and flbcculatibh cannot be routinely achieved 
without jar testing, r 
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Filtration 



Several types of filters are available for use in water systems such as 
diatdmaceous earth, pressure sand filters , arid rapid sarid filters. As. 
stated previously, this manual provides drily the "rieed to know" of sarii- 
^^^y.??-^^^ ^-'^^^^^^^ with the cdfnpdrierits. The irispectdr shduld cdrisiilt the 
suggested references for specific operational consideiratidns. 



Is process adequate based on observation? 

The primary purpose of filtration is to remove turbidity . The 
inspector should be concerned that the filtration process actually 
reduces the turbidity _. _ If there are multiple filters, the effluent 
from eacli filter should be observed. 

Are iristrumeritatidh arid cqritrdls for the process adequate, dpera- 
tidrial, an^i beirig utilized? 

Turbidity shduld be measured iri the irifluerit arid effluent from the 
filters. Head loss through the filter is also impdrtarit td filter 
dpera tidri , as is the use of f Idw rate cdritirdllers • The iris trumerits 
for these measurerperits and controls shduld be preserit arid 
turictidrial. The dperatdr should krtdw the impor tarice df the 
readirigs. The answers provided shduld iridicate the dperatdr 's 
cdftipeterice td the irispectdr. 

Is eqUijpftierit dperated prdperly arid in gdcd repair? 



For rapid sand filters, the inspector should look for problems such 
o?: mudballs, rrackE. in the n^edia , backwashing difficulties 
resulting in short filter runs and/or failure to clean media, and 
loss of media. if a problem is indicated^ the inspector may wish to 
have the operator backwash the filter. 



Post-Chlor ina tion 

The primary purpose of pbst-chlbr inatioh is disinfection . Disinfection is 
the process of destroying a large portion of the mj crdbrgariisms iri water 
with the probability that all pathogenic bacteria are killed in the 
process. In water treatment, disirifectiori is almost always accomplished 
by addirig chlbririe or chldririe cdmpourids. Other prdcesses tha t may be 
encountered are: ultraviolet disirifectiori arid the lise df iddirie dr 
ozone. the measure used to determine effectiveness of disirifectidri is the 
cdliform group. The staridard test fdr the cdlifdrm grdup is either the 
multiple^ tube fermerita tibri technique br the membrane filter techriique . An 
iri-depth discussidri of these techriiques may be fdurid iri ••Staridard Methods 
fdr the Examiriatidri of Water arid Wastewater." The cdlifdrm grdup is used 
cts ari indicator df pathooeriic dtganisms. The use df this indicator group 
has several advaritages dveir testirig fdr specific pathogenic organisms. 
Pr incipally these advaritages are: 

1. Ease df isdlatidri: Usirig relatively urisdphis tica ted analytical 
prdcedures arid equipmerit# the presence df coliforms can be 
'''^tected. The procedures can give results in 24 hours, making it 
a comparatively rapid bactc iologicai 
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2. Cdlifbrrhs are_ present Xri large numbers in feces of all animals: 
Any fecal pblliitidh results in the presence of colifbrm brgehisms 
in sufficient quantities to determine the degree of pdllutibh 
with fair accuracy. 



3. Coliforms are resistant to the forces of natural purification to 
a greater degree than commonly iencountered pathogens. Conse- 
quently, the coliforms will normally still be present after the 
disease-producing pathogens may have died off and will continue 
to indicate the possible danger to the water; 

Chlbrihatibn Terminology 

Regardless of the form of chlbrihatibn^ chlorine gas ^ or chlorine com- 
pounds , the reaction in water is basically the same. The s tahdard_ term 
for the chlorine concentration is either milligrams per liter (mg/l) or 
parts per million (ppm) . 



b Chj.br i^-ie^ Pbse^ r The total amount of chlorine fed into a vdlume of 
water by the chldr inatdr . 

o Chlorine Deman d r Chlorine is a viery active chemical cxidizing 
agent- When injected into water, it combines readily with 
cer ta in inorganic subs tances that are oxidizable (hydrogen 
sulfide, nitrite, ferrdus iron, etCc) and with orgcSnic impuri- 
ties including micro-organisms and dec:ay products. These 
reactidns cdhsume dr use up sdme df the chldr irie before it can 
fully d--strdy micrd-drganisms . This amount used up is the 
chlorine demand. 

Chlorine Demand = Chlorine Do::e - Chlorine Residual 

o Chlorine jsidaal : The amount of chlorine (by test) present in 
the watei: after the chlorine demand is satisfied and after a 
specified time period. The presence of a "free" residual, in 
contrast to a "combined" residual, of at least 0.2-0.4 ppm (in 
relatively unpolluted, iow_ turbidity water)> after the chlorine 
demand is satisfied, usually provides a high degree of assurance 
that the disinfection of the water is complete. 

A residual alsd provides some prdtectidh against aiiy chance 
cb.itamihatibh that may inadvertently enter the system. The 
chlorine residual test sample is usually collected before the 
first point in the distribution system where water is consumed. 
HdWever , it is also advisable to also test at the farthest point 
in the system to ensure that a residual exists throughout the 
whole system. The residual test is the basis for increasing or 
decreasing the chlorinator feed rate to achieve the desired 
value. Too much chlorine residual will be offensive to some 
consumers ; 

Ch l or ine- Residual = Chlorine Dose - Chlorine Demand 



5-11 



Si 




STUDENT-!^ SUPPLEMENTARY MATERIALS 



o Chiori "ion Terminology 



5-12 



8S 



o ChlOLine Cbrita Gt Tirrie ; This contact time is the time interval 

(usually minutes) that islapseis between the time when chlorine is 
added to this water and the time when that same slug of winter 
jiasses by the sampling point. A cisirtairi miriimUm period of tiiile 
is required for the disinfecting action to become completed. The 
contact time is usually a fixed condition dependent upon the rate 
of flow of the water and the time it takes the water to pass 
through the pipinc^ and storage facilities. G'^nerally speaking, 
it is preferable '.lat the contact period be n. I' ^s than 30 
■• tnutes under the peak demand flow conditions. ever , *en 

more time may be necessary under unfavorable cc iticns. 

^ s Chlor ination 

Chlorine gas is available in cbmprisssisd gas form stored in steel 

pressurized cylinders. A gas chlor inator meters the gas flow and mixes 
with water which is then injected as a water solution of pure chlorine. 
Chlorine gas is a highly toxic lung irritant and special facilities are 
required Cor ".bring and housing gas chlor inators . The advantage of this 
method is the cdhvehiehce afforded by a relatively large quantity of 
chidririe available for continuous operation for several days or weeks 
without the need for mixing chemicals. Gas chlor inators have an advantage 
where variable water flow rates are encountered as they may be syncronized 
to feed chlorine at a variable rate. 



H ypo chlor Ina t ion 

Most small system operators will find the use of liquid or dry chlorine 
cbnpdurids rnixed with water and fed into the system with inexpensive 
hypochlor inators a satisfactory chlorination method. These small chemical 
f:eed pumps are designed to pump (inject under pressure) an aqueous solu- 
tion of chloririe into the water system. They are designed to bperaite 
against pressures as high as leo psi but may also be used to inject 
chlorine solutions at atmospheric or negative head (suction side of water 
pamp) conrj i t ions. 

^':e pumping rate is usually manually adjusted by varying the stroke of the 
piston cr diaphragm. Once the stroke is set, the hypochlor inator feeds 
accurately at that rate. However, chlorine measurements should be made 
occasionally at the beginning and end of the well pump cycle because i 

the .irawdown is high, the pumping rate varies considerably and the 

concentration will vary since the applied dose is constant, ft metaring 
device may be used to vary the Hypdchldr inator feed rate syncronized with 
the water rate. Where a well pump is used, the hypochlor inator is 
connected electrically with the on-off controls of the pump. 

.oll'/wlng questions deal with tne sanitary risks of chlorination. 

1. Is ad»r>Jc3'' hlorine residual being maintained? 

The ariower to this lies in whether th're have been any positive 
coliform counts. The next step in determ^inalion of adequacy would be 
to ensure that a detectable residual is present at the remotest 
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cbhnectioh in the system. The inspector should review where the 
utility's sample points within the distribution system are located 
arid/di how they were selSF^cted. If the inspector is to sample ^ a 
deadend portion of the system that is remote from the plant may be 
selected. A free residual of 0.2-0.5 mg/1 or a combined residual of 
1.0-2.0 mg/1 should be maintained at the most distant points in the 
system arid at Uie ends of deadend sections^ should 
have sufficient capacity to provide adequate treatment under peak 
flow conditions. 

Is there sufficient contact time between the chlccinatibn point and 
the first point of use? 

Contact time should be a minimum of 30 minutes for free residual arid 
2 hours for a combined residur.l. This may be determined by figur ing 
detention time in the clear welli, storage tariR , arid/or pipelirie 
between poinr of chlorination arid use. 

Is the equipmerit properly c^jerated e^n6 main-, lined? 

The inspector should determine that ail equipment is ope^rational and 
preventive mairiteriarice is routinely perf med. Some indicators of 
problems for gaseou? chlorinaticn v:oaid be valves, piping and 
fittirigs triat are c!. .laged, badly corroded or loose, no gas flow to 
the chlbririator, or frost on valve'- and piping. For powdered 
GLsirifeccarits , some ir.dicators are c^oqgod feed lines and valves. A 
more tailed discussion of these problems and their solutions is 
prdv^ ied in "Water Treatment Plant Op.-ti tion , " Chapter 7. 

Is operational standby/ ^qaipment provided? If not, are cr: ical 
spare parts on hatuy; 

Disinfection mus*, b*- -cntinuoas f Standby er;uipment of sufficient 
c.-jpacity to repl-Cv- -Jie largest unit is recommended. Where it is 
r>ot, flow to the watpr 'system should be haltec3 and critical spare 
parts --.iiouM De on hand for immedi£ .c? replacement. 

Is a manifold provided to allow feeding gan from more than drie 
cylinder ? 

AS stated above, chlorination must be ccritiriuous. A manifold r he a Ivi 
be provided to allcv. empty cylinders to be chariged without b zopping 
chicrination. If only one cylinder can be utilized, the inspector^ 
shoiJid determine what procedure is fblldWed vhen it is changed. 
operator could be al Lowing _water to coritiriue to flow into the system 
whi] e he changes the cylinder, a pirccess that could take 30 minute:: . 
Such a situatibri cb'jld result in coutamina t ion of the entire system. 

Are scales provided for weighing cy !• Jei. ? 

:Jcaies .^hoid J be provided and uci' ^ ':o measure the r.:..o' " of 
chJdrine used ^ach day and to determii.., wh^.n they ere near empty so 
they r be changed. These scales should he locat' i: the 

cyl will be cooler ihkii the chlorinatcLS to ; . nt cnderi.si:. 

of t io. J ne in the lines. 
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:3 tl.o chloririo storage and vse area isoi-ited from other work areas? 

^)jH-ratorn should bo well versec' on the hazards ot chlorine gas^ 
proper handling of the oar and protective eqaipment, and the 
limitations of ':he protective equipment. The inspector should be 
knowledgeable i r> tr' as w^^tl, A brief overview of chlorine 

is that ii: IB a h^a • ' /i-^xr g^r , which is corrosive in moist 

atmospheres and is e. ^.^Ly toxi-.-. Its toxicity ranges from throat 
irritation t 15 pom to rapid death at i-OOO ppm. Consequently, the 
}^torage and -c areiis for c -^ririe should be above ground^ well 
v'ontilated, and separated by a gas-tight partition from other work 
areas. Both chlorine gas and particularly sodium chlcLite should hot 
be stored with organ ic compounds . 

Is rocjm vented to tht. outdoors by exhaust grilles located not more 
thian 6 inches above the floor level? 

Thr> room shoi;ld be ve tted at a rat*^ of one air change per minut^ ^^^^ 
exh-^ust cjr ' Lies hot highei* than 6 inches above the floor, ftn i^i€t 
grille foL the room should be located near the ceiling- The vapor- 
cight tan switch should be loc^tec outside the room and equipped v/ith 
ah indicator light. r^-o inspector should ensure that the exhaust 
from .he chlorine room ^ill '^ot enter into c^her interior ar- 's. 
Pvoblemr^ have Lesatted frciP locating the exhaust g- Illes to the 
chlorine room, in tho '.^iciaxty of the makeup air in^et foi other rooms. 

?\re al± doors hinq^-d ou'. rd, equipped with panic bars, and at least 
one ptO'^ided wi' ii c^ ^'i.-^wporc? 

T^^e noed for doers to be hinc, ^d o'.-Lward ic based or. the fact t'lat 
r.orp^r.nnf' in the room could be ovei '^orr^ and passed but against the 
ioor, rnaXing rescur i ^ i-';lt if the 'loor has to swing into the 
coom. The door si. have warniig signs ':;ffixed, alerting 

oor.'-nnel to thip 



a 



solf-contair :i:.ng apparatu'. available Cor use duri,.g 



IT e p«': i r of leaks? 

The K'^' of chlr -ne requires proteccive clothing. Chemical goggles 
sh'- ' ^- in y personnel er.^y^ '..^ the area for routine inspec- 
tion oyi^nders are chahget^ -^^r :^d jMstmehts made to t^e system, 

.,erv 1^ Cher, ,'al goggles, and a iuli face shi'.ld shoutd be 

worn ' ov^ a -ill ^ ece respirator or hood is asedj ; Chlorine 

canister -t oo ' ^ rp avi only acceptable if the k nown chlorine 

vapor . 'Mceivruv: i less than 1% and oxygen levc 5 greater th. 
■ %. Add l^ Lonally , nister-type gas rr.asks mart be checked routinely 
.:>id the canister changed when it has reached it;- expiration datr- o- 
• -s b'j ?h daru;.gr ' , V/hen a worker enters a her-jvily ^nr.arnin' 
t ' epa.r, ^ self-contained : reathing ^ppara^ i is require.. -f^ 
protv^ctivv^ quipn:?nt: and emerge nc.* drills p'^oujo be pLdcticed. 
rJmerg(?ncy procedures aid be coordinated with c ire aid police 
personnel: The inspec r should ask if the n^^lity "^as ah emergency 
- ! ii and ii: .t has ever been practiced. 
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Are there means of lesk dete^rrion? 



The irispector should never enter a room containing chlorine gas 
without first opening the door slightly to check for the smell of 
chlorine; A squeeze bottle of dilute ammonium hydroxide can be used 
for leak detection by squirting a small amount into the room prior to 
entry; If a leak is present a "snow" will form. There are also 
continuous -id portable chlorine detection devices that may be usee?. 

;^re ^ll gas cylinders restrained by chaining to the il or btl eir 

means? 

Cylinders Si:ou:':d be restrained to an imni'^ /able object. Thoy sbou^J 
ho transported and stored in an upright jr r'.'tion and kept away from 

.MCt heat and direct Jn . Empty contaihe?^ should be segregated 
; roir; full containers. 

Have there been any interruptions iri chlor inat ion dating the past 
year due to chlorinat r failure or feed pump failure? 

Any interruptions Im chlorination and their cause should be 
identified. :he operator should be qaestionec3 as to what measures 
have beon taken to preclude recurrence of the interruption. 
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Table 5-1. Water Quality Problems and treatTrr^'at 



Problem Parameter 



Standard 



Typical Treatment 



1. Bacteria 



2. Turbidity 



3. Arsenic 



4 . Bar ium 
5- Cadmium 
6. Chrbhiiurh 



7. Fluoride 



See page ST 2-7 1. 



1 T.U. 



0*05 mg/1 



1.0 mg/1 
0-010 mg/1 
0-05 mg/l 



i.^-:?.4 mg/i 



Disinfection 

filtration , disinfection 
settling, filtration, 
disirfection 



2a. Filtration 

sand, diatomaceous earth 
b . Complete treatment 

chemical addition; 

coagulation 
settling, filtration 



3a - As 



+5 



Alum or Iron coagulation 
Lime softening 



As 



+3 



+5 



oxidizing to As 
treating as abdv^^ 

A - Lime sof 1 riing 

5. Lime softening 

6, Cr+3 

a. Alum coagulation 

b. Iron coagulation 
c- Lime softening 



Cr 



+6 



d. Ferrous sulfate 
coagulation 

7 . Ton exchange using 

actuated alumina or 
bone chir 



8 . Lead 



9 - Mercury 



0.0 5 mg/1 
0-002 mg/1 



Ba. Ferric sulfate coa.:?ulation 
b. Aiur. coagulation 

Inorganic . . r^'^^^.y 

9a- ^erric .-u.. f^te c::a^j Jlatibri 

b. J^Ium coaif'jlat- ion 

c. Top ^-xch/^pcje 



d . icn ' rjii vuge 

e • c i va t : ';a r boi^ 
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Problem Parameter 



lo: Nitrate 
11. Selenium 



12. Sil'. 



13 . Organic 

CheiTiicals 

14. odors 



Hardness 



16. Iron/Manganese 



Table 5-1 (Continued) 

Standard 

IQ mg/l (N) 
0,01 mg/i 



0.0 5 mg/l 

See specific 
chemical 



16a. 
b. 
c . 



Typical Treatment 



Pblypribsphal 9S 
Ibn e'cchahge 
V Hat ibh/precipi tation 



ib. Ion Exchange 

11. Se-^4 

a. ' Ferric sulfate 

coagulation 

b. Reverse osmosis 

c . ion exchahoe 
Se+6 

d. Reverse osmosis 

e . Jon exchahg<: 

12a. Alum coagulj:.t ion 

b. Ferric sulfate cdagulatidh 

c. Lime softening 

13a. Activated carbon 

14. Saifide 

a. Aeration 

b. bxtdation 

c. Desuif uration 



Organ ics 

d. Clarification 

e. Oxidation 

f . Adsorption 

l5a Ion exchange 
b. Lime softening 
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". . U I T 6 a : G t J v i t y S t o r a^j e 



Unit Summary 

Characteristics of a Gravity Storage System 
Sahitar y Risks 



UrUt F^ifcrences 

Small Water Systems Serving the Public 

jChapter 6) 
Manu-ii of Individual Waiter Supply Systems 

(Part V) 

Water Supply System (Operation 

fCh..pv:er S) 



Basic Material 

WfjII supplies are often pumpted direct--^ a gravity distribution reser- 

voir (tank) from which water flows br^ de^t.^nd to the points of use. The 
wells may ilsd be pumped directly int? che distribution system with thie 
tank floating (riding) or the system • r arrange — t iis acceptable. 

Tne pumps .-nay be controlled by water I^^a ' . ' A^t cor.tv ;i.s or pressure* 
owitches. The storage tank is suf f ic^ er. i. ■ ^ ; ^r. ensure adequate 

operating pressures, 

A gravity storage system bffiers several advantages over other je.g., 
hydropneumatic) systf^ms jhd should be considered where topographic 
CO .ditibns are favorable- The larget the Wcite) system, the greater the 
advantages. However, even smaller systenis will h-:^ these advantages: 

Lesp. vdriatiort in pressure 
o Stori-i^e f' . f iiTef igh ti*^g u?e 

o One tJ two da^ $j ' storage to meet water requirements 
^ Crea ter flexibility to meet p<:'ak demands 
o Use o.- I' • ^-r c •^acity wells (p 'niprng not necessary 
to mee^ paak i^yscem demand) 

Sizinn of pamp.^ to take bt^-ter edvantaqe bl electric 
1 cad lar ucr s 
o Re«i'.iCea on turJ off cycling bf pumps 

o Tie-in of several wells ec\cr' pumpin<^ at its optimal rate 

Since the gravity reservoir j'?r>vides the storage necessary to meet the 
p^ak syst em derhancis, ^,he weii3 neev-5 hot be de"«*loped to meet tne /peak 
syst-^m capacities, as is generally necessury with pressure t^nk systems. 
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The wells should be capable of meeting the maximum daydemand within the 
period of time when water Use is significant. For example> day schools 
usually exert a signi 'i^^ant water demand oniy over a lb- to 12-hbur day. 
The wells mustf theii:f''.r<i, be pumped at a rate sufficient to meet the 
maximum day demand i;. a 10- to l2-hour per iod . Under these cond it ions 
the reservoir (tank) should have an effective capacity equivalent to the 
average daily demand. 

Gravity distribution reservoirs rtiay be elevated tanks mounted on 
structural supports above ground, may be located par tly below ground, or 
may be tanks placed oh pads or cradles on the ground surface. Elevated 
t-ahks are necessary when high ground is not available within the service 
area. The operating water levels of the tank shoulc3 be sufficiently above 
the distribution system to produce minimum operating pressures of 35 psi 
(about 81 feet of head; but pr^^ferabiy 50-75 psi (116 to 173 feet). 
Pressures should not c eed 100 psi (231 feet) - 

Shal^^w reservoirs with ::;arge diameters are prefer red over deep ones with 
smailer diameters, other things being equal. Tanks with larger diameters 
have more water per foot of drrwdown and are thus less prone to pressure 
f iuctuations . ""hey are also less costly to build. 

Prefabricated standpipes and elevated tanks are rear^iiy available with a 
wic^e range of capacities. Pre^tressed concrete taiiKs are quite popular < 
since? they re :iiire le::^ i maintenance. 

: unitary R^sks 

1. Does surface runoff and underground drainar- drain awav f-.rom the 
storage structure? 

:i. Ir. site protected agnin?t flood trg? 

Storage reservoirs should be located above probable ground water 
levels. Surface runoff and underground drainage should be away from 
the structure- Provisions should be includec3 to guard, against the 
s.^riitary hazards related to location; groundwater levels, movements, 
and quality; character of soil; possibility of wastewater pbllutidn; 
and overtopping by floods. Sitvs in ravines or low araas subject to 
periodic flooding shoulc3 be a\.jided. Any sew r located within 50 
feet of a storage reservoir with a floor below ground level should 
constructeca of extra-heavy or service^weight cast iron pipe with 
.ested, watertight mechanical joints. No sewer should be located 
: ess than 10 feet from the reservoir . 

hil 5-torage reservoirs should be protected against flood waters or 
high watpr levels in any stream, lake, or other body of water. These 
reservoirs should be_placed above the high watet level, and the 
structure and its related parts should be watertight . The ground 
surf.jce above the reservoir should be graded to drain surface water 
away from the reservoir and to prevent pooling of surface water 
within the vicinity. Walls or fencing should surround open 
reservoirs, and public access should be prohibited. 
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Is storage t '^'^k 5^ tr uct ura lly sound? 

The inspector si 'i ^ase the answer to this question on visual 
observation. Ix^^ washouts and signs of foundation failure. 



Are overflow lirei;, a..r vents, drainage lines, or cleanout pipes 
turned downward or covc^red, sc reened , and termina ted a minimum of 
3 diameteis above the jround oi storage tank surface? 



Any overflow, blbwotr. cr cleanout pipe from a storage reservoir 
should discharge Ireely into ah o^-^n basin from a point not less than 
three diameters of the discharge pipa above the top or spill line of 
the open basin. All overflow, blowoff, or cleanout pipes should be 
turned downward to prevent en trance of rain and should have removable 
#24^mesh screens to prevent the entrance of birds , insects , rodents, 
and contaminating materials. If the discharge pipes are _likel/ to be 
submerged by surface or flood w..ter, a watertight blind flange bhould 
be provided to attach to the pii--^ opening to prevent cohtamiriated 
water backflow into the reservoir. If the reservoir must be emptied 
when the normal outlet is submerged by surface or flood waters, pumps 
with outlets above the flood v^ter should be used for emptying. 

Is site adequately protected against vandalism? 



Manholes and manhole _ frames used bri covered storage reservoirs and 
elevated tanks should be fitted with raised, watertight walls. Ea 
manhole frame should be closed witn a solid watertight cover and a 
sturdy locking device. The frame should be iockeci when not in use. 
The storage site should be fenced to prevent unauthorized entry. 
Ladders to tops of storage tanks should terminate 10 feet above the 
ground to deter unauthorized climbing. 

Are surface coatings in contact with water approved? 

Coatings that are in contact with water should be approved. 
Unauthorized coatings can create problems due to organic and 
inorganic cbhtarriination of the stored waters. 



IS tank protected against icing and corrosion? 

Cathodic protection may be provided for metal storage tanks. Icing 
can be a par ticularly traumatic problem in northern areas. Tanks 
have "blown their tops" due to the pressures that can result; in less 
severe cases, the cathodic protection and tank inter iors may be 
damaged. Tanks should not be allowed to remain idle if freezing is a 
problem. Heaters may need to be used in tanks reserved for emergency 
purposes • 

Can tank be isolated from the system? 

Tanks should be "able to be taken but of the system for repair without 
shutting down entire system. 
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Is all treated water storage covered? 



Reservoirs should be coverec3 to prevent airborne cbhtamiriatibh (birds 
and algae growths that impart tastes and bdbrs) . Cbvers should bie 
watertight, made of permanent material, and constructed to drain 
freely and to prevent contamination from entering the stored waiter. 
The surface of a storage reservoir cover should not be used for any 
purpose that may result in cdntaminatioh of the stored water. 

10. What is cleaning frequency for tanks? 

Over a period of timer reservoirs may accumulate organ ic and inor- 
ganic debris, which settles to the bottom as a sludge. This sludge 
can contribute taste^ odors, and turbidity to the systems when it 
accumulates to a depth approaching the outlet pipe. Periodic drain- 
ing of the tank and cleaning is necessary. The tank should then be 
disinfectec3 before reuse. 

11. Are storage tanks disinfected after repairis? 

Reservoirs and elevated tanks on the distribution system should be 
disinfected before being put into service or after extensive repairs 
or cleaning have been completed - 
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UNIT 5b: HydLOpneumatic Tanks 



Unit Summary 



Types and Character is tics 
Sanitary Risks 



unit References 



Small Water Systems Serving the Public 

(Chapter 6)_ _ _ _ 
Manual of Individual Water Supply Systems 

(Part V) 

Planning for an individual Water System 

(Chapter V) 
Water Supply System Operation 

(Chapter 3 and 5) 



Basic Material 

Hydropneumatic systems are very common for use in_storing and distributing 
small water supplies. They combine the energy from a pump with the 
principle of air pressure to force water into the d is tr ibu tion system. 
Understanding how the \ydrdpneuma tic system is susceptible to sanitary 
risks requires understanding basic system operation and the role of system 
cbmpbheh ts . 



The system operates in the following manner: 

o The pump starts up at a certain pressure ( cut-in pressure ) , and the 
energy from the pump moves through water to the pocket of air, air 
volume , at the top of the pressure tank , 

o When the pressure builds to a certain point ( cut-out pressare ) , the 
pump stops and the air forces the water into the distribution 
system. 

6 When the pressure becomes tod low, the pump starts aP_39ain, and 
the cycle is repeated. The cycle rate is the number of times the 
pump starts and stops in 1 hour, 

A typical hydropneumatic system is made up of the following parts: 
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Hydropneumatic Tanks 



Principle- of Operati on 



Item 



Purpose 



o 


Steei tank 




o 


Air votume control 




o 


Relief valve 




o 


Inlet piping 




o 


Pressure gauges 




o 


Motor controls 


controls 


o 


High/low water level 


o 


Low pressure or flow 


con tr bis 


b 


Discharge piping/air 






compressor 





Store water 

Control air volume 

Prevent excessively high pressure 

Allow flow bf water into system 

Moni tor jpressure 

Cbhtrol cut-in and cut-oat points 
Regulate water level 
Maintain balance between water and 
air pressure 

Discharge water from tank; force 
addi tional air in to increase 
pressure ( pr^r^^sur iziJig ) 



Most systems differ only in the kind of pressure storage tank used. The 
pressure tank is a significant part of the isystem in that the "methods of 
separating water and air and the tank s-^ze and placement '^s^y- 
factors may contribute to the degree of vulnerability to sanitary risks; 
The three Rinds of tanks arie: 



Conventional 



d Air cushion in direct contact with water; air volume controls 
necessary 

o Capacity ranges from a few to several thousanc3 gallons 
d Vertical or horizontal placement 

d Outlet located near bottom of tank; combined inlet-outlet or 

separated on opposite sides of tank 
o Air volume control located in upper portion of tank; provisions 

available for prepressur izing 



Fl oating Wafer 

o Floating wafer (rigid floats dr flexible rubber or plastic j 

separates water and air, feutr separation not complete ; some l^ss of 
air expected, requiring dccasidnal recharging 

o Vertical placement limits tank capacity 

b inlet and outlet combined at bottom of tank 

b Internal air check valve to prevent premature loss of air due to 
electr ic outage or excess water demand 



d Separator fastened around inside of tank for complete separation of 

air and water, either flexible diaphragm or bag type 
d Vertical placement limits tank capacity 

o Supercharged at factdry to pressures just below putnp starting 
pressure 
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H^l-taty Risks 



i; boo;; low pressure level provide adequate pressure? 

Maintenance of adequate pressure is especially important- too little 
pressure can cause a reversal in the flow of the water, allowing water 
from a polluted source to enter a potabler stored water source. Too 
high pressure can s tra in system components, cause high leakage rates, 
and can force air but with Water. Low pressure can indicate improper 
connections, or cr oss-connections , made from storage to serviced 
facilities. Adequate pressure is needed to keep the water flowing feom 
storage to serviced areas. Backpressure back flow occurs when potable 
water pressure is less than nonpotabie pressure; backs iph o hage-back flow 
is a reversal stemming from a vacuum at the potable supply. Back flow 
and backsiphonage are especially hazardous sanitary risks when they 
involve poisonous or harmful chemicals. ins^Jectors must be aware of 
proximity of polluted sources anc3 must protect stored Water against 
cross-connec t ions . 

To ensure against backflow anc3 backsiphonage, minimum pressure must be 
maintained at all times. 

System Pressures 
(Pounc3s Per Square Inch) 

optimum Working Pressure = 40-60 psi 
Minimum \>'orking Pressure = 35 psi 

Maximum Pressure at Service Connections = 100 psi 
^4inimum Pressure at Service Cdhhections = 20 psi 



Inspectors should check engineering records to assess potential hazards 
in the water of facilities served by the system and consult operating 
records to see whether pressure is adequate at service connections. 

2. Are instruments arid controls adequate, operational, and being utilized? 

Proper operation and maintenance of the storage system is also essen- 
tial- Failure to adjust gauges and controls properly can lead to in- 
adequate pressure and/or inadequate supplies of water. Also, pollution 

of the storage tank can occur from airborne or waterbbrrie foreign 

matter. Careful installation and maintenance of pollution prevention 
devices can prevent their entry into the hydrbprieumatic system. 

To ensure proper operation and maintenance of the sys tern, th3 
following components must be routinely checked and adjusted for 
changes in the peak demand: 



b Air volume control 

o Relief valve 

o Motor controls 

o High/low water level controls 

o tow pressure flow controls t n 

o Air compressor and controls .t U u 
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Frequently, controls are not ad justin§ .a_f ter delivery of the system 
from the factory. Operating records will reveal original calibration 
and whether peaK demand has changed. 



Are the interior and exterior surfaces in good condition? 

The interior and exterior should be in good physical condition . the _ 
inspector may not be able to inspect the interior surfaces but should 
emphasize the importance of ri^^uiar inspections. The inspector may 
determine if they are being pet formed by reviewing maintenance records. 

Are tank supports structurally sound? 

The tank should be properly supported. 

Is storage capacity adequate? 

There are several formulas for determining required storage capacity* 
One method is presented. 

In selecting and evaluating the tank, storage capacity must be matched 

to the peak demand (period of highest water _use) of_the system. 

Otherwise, the tank will supply neither sufficient daily water needs 
nor em igency needs, such as for f iref ighting . 

To ensure against inadequate storage capacity (and straining facili- 
ties at peak demand), purveyors must know pumping capacity and peak 

demand rates, which can be used in the formula below to compute 

appropriate tank size. Engineering records list pump capacity, cut- ^ 
in, and cut-out pressures. operating records show current peak demand 
and whether peak demand, has changed since the tank was installed, 
which could require a change in tank size. 

Formula for Estimat i n g 
Appropriate Tank Size 



Q = Tank volume in gallons 



Qm = peak demand rate, gpm x desired minutes of storage 
= Cut-in pressure + atmospheric pressure (14.7 Psi) 
= Cut-but pressure + atmospheric pressure (14.7 psi) 



What is the cycle rate? 

The pressure pump should not cycle frequently aO-15 cycles/hour 
acceptable). Frequent or constant operation of the pressure pump 
indicates a "waterlogged" tank or improper settings on the pressure 
controls . 
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Corhpbrierits of a Diis tr ibut ion System 
Sanitary Risks 



Unit References 



Small Water Systems Serving the Public 

(Chapter ii) 
Manual of individual Water Supply Systems 

(Part V) 

Manual for E\7aiuating Public Drinking Water 

Supplies (Part ill) 
Water Supply System Operation 

Chapters 6, 1, and 8) 



Basic Material 



Many failures to meet the requirements of the drinking water standards are 
directly related to the use of poor operating _and ma inteharice procedures 
for distribution systems or to the presence of sanitary defects in the 
sy.stem. Some causes that contribute to poor water quality are: 

o Insufficient treatment at the point of production 

o Cross-connections _ _ 

o Improperly protected distribution system storage 

o inadequate main disinfection ; 

o unsatisfactory main construction , including improper joint-packing 

o Close proximity of sewer ^nd water mains 

o improperly constructed, maintained, or located blowoff, vacuum, and 

air relief valvies 

o Negative pressures in the distribution system 

Components b £ the Dist ^bution System 

The following briefly describe some of the important components of a 
d is tr ibu t ion sys tern . 
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Pipes 



b Convey supply to points of use 

o Pipe size relative to flow gprit, distance 

b Types 

o Galvanized . Not recommended for underground ase; subject to 

corrosion from soil, acid water 
b Copper^ , Heavy types used underground; less sensitive to 

corrosion 

o Plastic . corrosion resistant; subject to puncture 

o Cast iron/Ductile Iron . Corrosion res is taht ; good hydraulic 

characteristics; unlined pipe can be subject to iron tubercles 
o Asbestos Cement . tightweight, corrosion resistant; easily cut 

but easily broken _ _ 

o Lead. Used in olc3er systems^ particularly as service : 1 ines . No 

longer approvec3 under any circumstances due to possibility of 

contaminating tapwater . 



Valves 



o Control water flow 
o Control back flow 

o Adjust water levels and pressures 

o Isolate sections of system for repair 

o Types 

o Shut-Off Valves stop flow of water. 

o check Va4ve& permit water to flow in one ciirection only. 

o Flbw^ Cdritrdl Valves provide uniform flow at varying pressures. 

b Relief Valves permit water to escape from the system to relieve 

excess pressure, _ _ 

d Float valves respond to high water levels to close an inlet pipe 
o Blowoff Valves provide a means to flush sediment from low 

points/deadends in the distribution system, 
o Altitude Valves are used to shut off flow o*f water into storage 

tank at a preset level to avoid overflow and allows water to 

flow into tank after level drops, 
o Air Relief Valves are used at high points to release entrapped 

air. 

o Hydrants provide water for firefighting and are a means to flush 
the system. 



Meters 

o Monitor flow through various sections to provide regulation, 
reimbursement , and maintenance 

Meter Vaults 

o Protect meters and controls 
d Protect against pipe movement 
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Sanitary Risks 



The questions that a surveyor should be asking with regard to the 
distribution system and their rationale follow. 

1. IF. proper pressure (46-70 psi) maintained throughout the system? 

The system shoulc3 be designed to supply adequate quantities of water 
under ample pressure and should be operated to prevent, as far as 
possible, conditions leading to the bccu; rehce of negative pressure . 
Steps to prevent negative pressure should include minimizing planned 
shutdowns, providing adequate supply capacity, correcting uMersized 
conditions^ and proper ly selecting arid locating booster ptimps to 
prevent the occurrence of a riegative head in piping sub ject to 
suction. Cbhtiriuity of service arid maintenance of adequate pressure 
throughout a public water supply system are essential to prevent 
backsiphbhage. The irispector should determine if complain ts about 
inadequate pressure have been registered. He or she should determine 
if there is a program to periodicaiiy monitor pressures throughout the 
system. 

2. What types of cdristruction materials are used? 

The compbrierits of the distribution system should meet the currerit AWWA 
standards. The cbrrbsive effects of finished water on ^nohf errbus 
metal pipe used for water-service lines should be considered^ together 
with possible tbx icologicai effects on consumers^ resulting from 
soluhibn of the metals. Only nontoxic plastic pipe shbuld be used, 
when plastic pipe is acceptable. Materials used fbr _caulkirig should 
not be able to support pathogenic bacteria and shbuld be free of oil, 
tar, or greasy substances. Joint packing materials shbuld meet the 
latest AWWft specifications. 

3. Are plans of the water system available arid current? 

The minimum record bf a distribution system contains maps showing 

locations of all mains, mairi size, arid the location in detail of every 
line valve. The pipe layout should be designed for future additions 
and connections tb provide circulation where deadends are necessary in 
the growth state bf the pipe system. The system should be provided 
with sufficient bypass arid blowoff valves to make necessary repairs 
without undue iriterruptiori of service over any appreciable area. 
Blowoff cbririectioris to sewers or sewer manholes should be prohibited. 

4. does the system have an adequate maintenance program? 

This is actually an overall evaluation of the answers tb a series of 
questibris , such as : 

a. What is the frequency of main breaks? 

The .majority of breaks are not due to age but to leaks. The leaks 
uridermirie the pipe, consequently causing it to fail urider the 
weight of the overburden. To prevent main breaks, a routine 
program for leak detection shbuld be cbriducted. 

Us 
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Does the utility have a pressure teistirig program? 

Such a program may be conducted in conjunction with the fire 
(iepar tmeht to determine adequacy of fire flow. A i^^cord of 
pressures throughout the system may help to identify problems . 
If they are conducted both during the day and at night , they will 
1 dicate the hydraulic efficiency under common requirements. 

Does the utility have a flushing program? 

The whole system should be flushed once or twice a year due to 
sediment deposition in the lines, the flushing should be well 
planned anc3 carried out, beginning at points hear the water 
plant/storage ai"id moving to the outer ends. 

d. Does the utility have a valve maintenance program? 

All valves in a system should be inspected on a routine basis. 
The frequency of ihspectibh depends on type of ^^i^e, but an 
annual inspection is desirable for ail valves . This should 
include completely clbs i hg , reopening to about one-quarter , and 
reclosing until valve iseats proper iy. A record of valve 
maintenance and operation should be kept. 

e. Does the utility have a corrosion control program? 

The utility should have a program to evaluate corrosion and the 
effectiveness of cbrrbsibh control part icuiarly to control 
cohtamihahts such as lead and cadmium, 

f. Are prbper disinfection procedures used after repairs? 

The procedure outlined in the AWWA Standard for Disinfecting 
Water Mains should be followed. The inspector shbuld question 
the operator as to what procedures are used. The final 
determining factor shoulcl be tha t new ma ins and repaired main 
sections should demonstrate negative bacteriological results 
prior to being placed in service. 

Is the system interconnected with any other water systems? 
this of of cbhcerh for twb reasons: 

a. The water systems to which it is connectec3 may be of a Ibwer 
quality and potentially pose a risk. 

b. The other water system may provide an alternate source in the 
case of drbughtr contamination of the primary source or a similar 
emergency . 

The inspector should evaluate the answers to such questions and the 
availability of records to determine the adequacy of the maintenance 
prbgiram. 
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UNIT 7b: Croiss-Connect ions 



Unit Sulnmary 

Type and Characteristics of 

Crbss-Cbrinectibhs 
Sanitary Risks 



Small Water Systems Serving tiie Public 

(Chapter 15) 
Cross-connection Control Manual 
WatiBr Supply System Operation 

(Chapters 6 and a> 



Basic Material 

To prevent cbh tamina t ion of the communities water supply, the purveyor 
must, make sure that service connections are proper ly made and are 
continually monitored for cross-connection hazards. A cross-conn^^ctibh is 
a physical connection or arrangement between otherwise separate piping 
systems containing potable and other water, whereby water may flow between 
the two systems. Hazards occur when water flows toward the potable supply 
instead of from it to the service outlets. Unless cbntrblled, cross- 
connections can result in contaminated water replacing potable water at 
various sites within a water system. If the cbh taminated water is 
unobstructed and its force is great ehbugh , i t can enter the potable 
supply at the water facility, endangering the health of the entire 
communi ty . 

A cross-connection link can be made either as a pipe^to-pipe connection, 
in which potable and cbhcamihated water pipes are linked without the 
proper control \^alves , or as a pipe-td-water connection, in which 
butlet from a potable water supply is submerged in contaminated water^ 
Cross-connections are usually made unintentionally or are made because 
their hazards are hot recognized^ The two major types of cross-connectibh 
hazards — backpressure backfiow and backs iphonage backflow — are __ 
distinguished by their origins. Backpressure backflow refers to the flow 
of water toward a ootable supply when the contaminated wa ter • ? pressUre is 
greater than the potable water's pressure. Con tamin.i ted water pushes 
toward the potable supply. (Liquid flows from a place of high pressure to 
one of lower pressure.) Backsiphonage backflow is a type bf backllow 
resulting from negative pressure (a vacuum) in the distributing pipes of a 
potable water supply. Contaminated water is sucked up toward the potable 
supply. 



7-10 



STUDENT SOPPfcEMENTARY MATERlAfcS 



Cross-Connect ions 



Back pr essure Back fjiow 



Backsiphonage Backflo v; 



120 

7-11 



ERIC 



Plumbing defects can occur within any part of a wat:cr system^ and cross- 
connection hazards can occur where outside water pressure can exceed 

potable water pressure. therefore, crbss-cdnnections must be prevented or 
controlled at all service sites as well as at the water facility. 

Successful control of cross-cbhhectiph hazards depends not only on 
voluntary monitoring of connections by the water purveyor and water users, 
but also on an enforceable cbmmuhity control program. if a community 
subscribes to a modern plumbing code , such as the National Plumbing Code, 
its provisions will govern backflow and cross-connections. Still, the 
water facility must obtain authority to conduct a community inspection 
program through ah ordinance or other means. A cross-connectidh control 
ordinance shbUld have at least three basic parts: 

b Authority for establishment of a program. 

d The technical provisions relating to eliminating backflow and 
cross-connections . 

o Penalty provisions for violations. 



Protection Against Sanitary ^i^jcs^ 

ftt Service Sites ; C ross-cbhhections that occur at sites serviced by the 
water facility can usually be cbhtrblled at the sites themselves. For 
example, a submerged water outlet in an apar tment building could result in 
contamination of the water fbr the entire building (as well as threatening 
the water facility's supply) if the water pressure of the contaminated 
water exceeds that bf the potable water. To prevent this cross-connection 
hazard, each fixture in the building should have a vertical airgap between 
its water outlet and its flow-level rim. This will eliminate the physical 
cross-connection link and protect the building (and the municipal supply) 
against backflow. An airgap separation may also be made at a point where 
the water service enters the building. (This protects only the municipal 
supply, however, and hot the building system.) Backflow prevention 
devices, such as dbUble-check , double-valve assemblies, can be installed 
when an airgap cannot be made. They can also provide backup when airgaps 
are made. SUrge tanks, booster systems, and color-cbding and labeling of 
pipes in dual water systems also protect buildings. against cross-connection 
backflow. Backsiphonage can be prevented by installation of vacuum- 
breaking devices at water outlets where contaminated water is used and 
where a vacuum could occur in the water sUpply pipe. 

At the Water Facility ; To lessen the chances of hazardous cross- 
connections, water facilities shbUld hbt be connected to unapproved - 
systems or to private wells. If cbhhections must be made to wastewater 
treatment plants, boiler plants, and other sites with inherently dangerous 
contaminants, the" connectibhs must be carefully monitored at the facility 
to prevent contamination from entering the water supply. An airgap in 
the service line to a premise ac which extreme hazards exist may be 
warranted. Waterwbrks officials often prescribe the installation of a 
backflow prevention device in the service line to a premise where 
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with back flow preventibnf devices in other locations. Back flow prevention 
devices are critical (usSflpeixclus ively or as backup) in ail water ^ 
facilities because any water pressure greater tlian that of the facility 
^ould cause a flow reversal. Maintenance of systematic water pressure 
will prevent backs iphbnage stemming firbm the water facility . The facility 
must also install and maintain devices that block backsiphonage flow as a 
backup in cases when pressure does drop- (This can occur if a main break 
or a fire overburdens the pumping capacity.) 



Types of Devices ; 

Vacuum Breaker : A device that is activated by atmospheric pressure to 
block the water supply line when negative pressure develops in the line^ 
This action admits air to the line and prevents backsiphdnage. A vacuum 
breaker is net designed to provide protection against backf low resulting 
from backpressure, and shoulc3 not be installed where backpressure may 
occur . 




eak^r: This device is installed in pressurized 
syitims arid will operate only when a vacuum occurs. It is usually spring 



Pressure-l^pe Va< 



loaded, and should be specially designed to operate a f teK-extended periods 
under pressure because corrosion anc3 deposition of material in the line 
might render it inoperable. 
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Reduced Pressure Zone Back flow Prevehter-4^fi2-)- ; This device consistr, of 
two hydraulically or mechanically loaded pressure-reducing check valves, 
with a pressure-regulated relief valve located between the two check 
valves. Flow from the left enters the central chamber against the 
pressure exerted by the loaded checkvalve i: The supply pressure is 
reduced by a predetermined amount. The pressure in the central chamber is 
kept lower than the ihcbmihg supply Pressure through the operation of 
relief valve 3, wh ich discharges to the atmosphere whenever the central 
chamber pressure is with in a few pounds of the inlet pressure . Check 
valve 2 is lightly loaded to open with a pressure drop of 1 psi in the 
direction of flow and is independent of the pressure required to open the 
relief valve. In the event that the pressure increases downs tream from 
the device, tending to reverse the direction of flow, check valve 2 
closes^ preventing backflow. Because all valves may leak as a result of 
wear or obstruction, the protection provided by the check valves is not 
considered sufficient. I fjsome obstruct ion prevents check valve 2 from 
closing tightly, the leakage back into the central chamber Wquld increase 
the pressure in this zone, the relief valve would open, and flow would be 
discharged to the atmosphere. 

When the supply pressure drops to the minimum differential required to 
operate the relief valve, the pressure in the central chamber should be 
atmospheric. If the inlet pressure should drop below atmospheric 
pressure, relief valve 3 should remain fully open to the atmosphere to 
discharge any water that may flow back as a result of backpressure and 
leakage of check valve 2. 

Malfunctioning of one or both of the check valves or relief valve should 
always be indicated by a discharge of water from the relief port. Under 
no circumstances should plugging of the relief port be permitted because 
the device depends on an open port for safe operation . The pressure loss 
through the device may be expected to average between Id and 20 psi withm 
the normal range of operation, depending upon the size and flow rate of 
the device. 
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Dbuble-^ecR, Dduble-Ga4:^ Valve ftsseinbly ; The double-check ^ double^ate 
valve asseinbly is a very useful and, when properly rhaintaihedjr reliable 
means of backflow protection for intermediate degrees of hazard. As in 
the case of other backflow preventers^ the double-check^ double-gate valve 
assembly should be inspected at regular intervals. Some health authori- 
ties have established programs of annual inspection. 

The double-check, double-gate system has the advantage of a low head 
loss- With the gate valves wide open,, the two checks, when in open 
position, offer little resistance to flow. 

Double-checks double-gate assemblies should be well designed and con- 
structed. The valves should be all bronze or, for larger sizes, 

galvanized gray iron. The trim should be of bronze, or other corrosion- 
resistant material. Springs should be bronze, stainless steel, or spring 
steel covered with a coat of vinyl plastic. Valve discs should be of 
composition material with low water absorption properties. Test cocks 
should be provided. 
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Sanitary Risks 

To evaluate the potent ial r isks of cross-connections, the inspector sh 
determine the answers to the following: 



i. Does the utility have a crbss-connection prevention program? 

The inspector should determine if the water facility has obtained 
authority to conduct a community inspect ion program through ah 
ordinance or other means, ft cross-connection control ordinance 
.^oonl.i have at least three basic parts: 

b Authority for establishment of a program 

o The technical provisions relating to eliminating backflow and 
cross-connections 

o Penalty provisions for violations 
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Are backflbw prevention dievices installed at ail appropriate, 
ibcatibris (wastewater treatment plants^ hospitals^ industrial 
locations) ? 

The threat of cross-contamination hazards is especially great at 
wastewater treatment plants, boiler plants^ chemical manufacturing 
plants, hospitals, and nuclear power plants. Their water may contain 

inherently dangerous ma ter ials ._ These sites should be ensured 

against physical links and should be equipped with devices to prevent 
back flow and backsiphonage from cbhtamiriating water on the premises • 

Are cross-cbhhectioris present at the treatment plant? 

The inspector should briefly discuss with the operator the importance 
of ensuring that there are no cross-connections at the plant either 
on a temporary or permanent basis. One way to help minimize the 
potential of crbss-cohhections is to have the piping in the plant 
color coded. the primary sources of cross-connections in the 
treatment plant are submerged inlets to solution tanks, connections 
between potable water lines and process water lines, and at pumps. 
When using phosphate solutions, tanks must be kept covered and 
disinfected by c^^rryihg a 10 mg/i free chlorine residual to prevent 
the growth of bacteria. 
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Pr b tec t ion- Aga-i 



Si^ua^ ibh - There is a submerged inlet in the second floor bathtub; An 
automobile breaks a nearby fire hydrant causing a rash of 
water and a negative pressure in the service line to the 
house, sucking dirty water out of the bathtub. 

Situation 2 - ft direct connection from the city supply to a boiler exists 
as a safety measure and for filling the system, the boiler 
water system is chemically treated for scale_ prevention and 
corrosion control. The boiler water recirculation pump 
discharge pressure or backpressure from the boiler exceeds 
the city water pressure and the chemically treated water is 
pumped into the domestic system through ah open or leaky 
valve . 

situation 3 - Wastewater seeping from a residential cesspdbl pollutes a 
private well which is used for lawn sprinkling. The 
domestic water system, which is served from a city main, is 
connectec3 to the well supply by means of a valve. The 
purpose of the cohhectibh may be to prime the Well supply 
for emergency domestic use. During periods of low city 

water pressure, possible when lawn sprinkling is at its 

peak, the well pump discharge pressure exceeds that of the 
city main and well water is pumped into the city supply 
through /an open or leaky valve. 

Situation 4 - A chemical tank has a submergec3 inlet. The plant fire pump 
draws suction directly from the city water supply line> 
which is insufficient to serve normal plant requirements and 
a major fire at the same time. During a fire emergency, 
reversed flow may occur within the plant. 

Situation 5 - A s ingle-valved connection exists between the public, 

potable water supply and the fire-spr inkier system of a 
mill. The sprinkler system is hbrmally supplied from a 
nearby lake through a high-pressure pump. About the lake 
are large numbers of overflowing septic tanks. When the 
valve is left open, contaminated lake water can be pumped to 
the public supply. 



131 



7-22 



ERIC 



STUDENT'S SUPPLEMENTALLY MATERIALS 



Sanitary Risks 



132 

7-23 



ERIC 



UNIT 8: MONITORING/RECORDKEEPING 



Unit Summary 

Mon i tor ing Respohs ib il i ty 
Monitor ing . Requirements 
Recdrdkeepihg 
Ih^plaht Mbriitbring 



Unit References 

National Interim Primary Drinking Water 

Regulations 
Water Treatment Piant Operation (Volume I, 

Chapter 10) 



Basic Material 

The National Primary Drinking Water Regulations outline responsibilities 
and requirements of the water purveyor with respect to mbhitbririg. The 
responsibilities for monitoring are^ 

1. Arrange for all applicable sampling required in the regulations. 

2. Arrange for sample examinations at a State-approved labbratory- 

The requirements for sampling frequency are provided in the tables 
included in this anit- 
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Frequency Requirements for Sampling and Analysis 



MICROBIOLOGICAL 



Cbritamihaht Surface Source 



Col i form Bacteria Monthly, based on 

population served 

Community systems of 
less than 1,000 people, 
a minimum of one per 
month ' 

Noncommanity systems , 
a minimum of one per 
calendar quarter 



Ground Source 



Same as for sar f ace 
sources except that 
State agency may 
reduce to one sample 
per calendar quarter 



INORGANIC CHEMICALS (Applies Only to community systems except for 

Nitrate, which applies to both comniunity and 
n oncommun i ty ) 



Cbhtamihaht Surface Source Ground Source 



Arsenic Analysis at 1-year Analysis at 3~ 

Barium intervals year intervals 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

Fluoride 

Nitrate 
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Sur f a-;^' Hour ce 



Ground Source 



Endrin Analysis at 3 -year Ahalysis only if 

Lindane intervals required by the 

Methoxych lor State 

Toxciphene 

2,4, 5~TP Si Ivex 

Total Trihaio- Sampling and analysis 

methanes conducted quarterly 



{Individual States may require greater frequency of sampling and analysis.) 



D l-W\&iVi-r-^ (Applies bhiy to community-type syistemisj 



Contaminant Surface Source Ground Source 



Natural Analysis completed Analysis completed 

Radioactivity at 4-Year intervals within 3 years 

after effective date; 
thereafter at 4- 
year intervals 



SQDIOM ( Appl ies only to community- type sys tems) 



3 years 



STUDENT'S 



Pfc^quency Regairements 



ERIC 



8-6 

138 



CORROSiVITY CHARACTERiSTICS (Applies only to cbrnmuhity-type systems) 





Surface Source 


Ground Source 


(One round of 


Two samples to be taken: 


Orily brie sample arid 


sampling and 


one midwinter arid brie 


aria lysis required 


analys is ) 


midsummer 




(NOTE: Individual 


States may require a greater 


frequency of sampling and 


analysis - ) 






TURBIDITY 




Sur face Source 


Ground Source 




Samplirig of at least 


Not applicable 




bribe per day 

B ^ 





The fbllbwirig recbrds must be kept by the water supplier as outlined by 
NIPDWR: 

b Bac ker ibldgical analyse s - for at least 5 years. 

o Chem^ical analyses - for at least lb years. Actual laboratory 
reports may be kept, or data may be transferre-d to tabular 
summaries, provided that the following information is included: 

o bate, places time of sampling^ name of person cbllectirig 
o Identification of routine distributibri system sample, check 

samples^ raw or process water samples, special purpose , 

samples , date of analyses 
o Lab and person responsible fbr perfbrmirig analysis 
o Analytical method used 
b Results of arialysis 

b Recbrds <> f action taken to coir i^ect violations - for ^t least 3 
years after last actibri was taken with respect to a particular 
viblatibri . 
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Copies of written reports y sainmaries or communications relating 
to sanitary surveys conducted by itself^ private consultant^ or 
local, State or Federal agency - for at least 10 years after ^ 
completion of sanitary survey involved. 



Records concerning scheduling of improvements - not less than 5 
years following expiration of scheduling time. 



The inspector should ensure that the required monitoring is being 
conducted and that analysis is performec3 by a certified laboratory. 
Recordkeeping should also be evaluated to determine cbmpliance with the 
regulation. 



The previously discussed mbhitbrihg is required to comply with the 
regulations.. The ahalys is for those samples , with the exception of 
turbidity and chlorine residual, must be conducted by an approved 
laboratory. The operator must establish ah iri-hduse monitoring program to 
properly evaluate the operation of the treatment system. _The number of 
parameters arid sample points is dependent on the cype of treatment 
required. The frequency of the sampling will depend on the type of 
source, its variability of quality, and the importance of the parameter 
being evaluated. The chart below illustrates sampling points and 
suggested monitored parameters. 



Sampling Points 



. raw water 



~> rapid mix 



floccL'latlon 



J> settling 



sample 
routine chemicals 
bact er la 
jar test 



sample 
aiicallQity 
pH 



Use C 



chiorination <L 



sample 
routine chemicals 
bacteria 



turbidity 
alkalinity 
pH 



sample 

aikaiiriity 
pH 



filtration <_ 



sample 
turbidity 
alkalinity 
pH 



lalysxs ; color 

turbidity 
odor 



iron 

manganese 
hardness 



alkalinity 
PH 

nitrogen series 



chlbr ide 
fluoride 
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with respect to this ih-hpuse rhphitbrihg, the inspector should be 
cohcerhed with the fbllbwihg points: 

1. Is the operator competent in performirig the tests? 



The inspector may wish to observe the opera tor ' s technique in 
collecting samples and perfbrmihg analyses. The operator should 
follow the correct procedures such as calibrating and zeroing specific 
ion electrodes. The operator should be aware of interferences that 
nia y cause incorrect readings. 

2. Are testing facilities and equipment adequate? 

The water utility should be encouraged to have equipment to enable 
proper operational mdnitdring. The equipment should be in working 
order. The inspector may wish to look at the equipment. The 
operation of the plant is not aided by a pH electrode that the 
operator has been using which as been dry for the last 6 months. 
The facilities should be adequate for the equipment utilized. Many of 
the electronic instruments are influenced by temperature and .humid ity . 

3. Do jceegents used have an unexpired shelf life? 

The operator should be encouraged to mark the date of preparation on 
reagents and to discard when appropriate. The manufacturer-prepared 
reagents should be discarded when the expiration date is reached. 

4. Are records of test results being maintained? 

The records of test results should be kept so that trends may be 
observed. The inspector should determine what action is taken based 
on the test results. The opera tors should know the importance of the 
particular test and what the results mean. 
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Concerns with In-House Monitor irig 
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UNIT 9: MANAGEMENT/SAFETY 



Unit summary 



Personnel 
Finance 

Emergency Planning 
Safety 



Unit References 



Manual of Water Utility Operation 

Water Treatment Plant Operation (Volume I) 

Water Supply System Operation 
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The mahagemeht of the .water system does not of itseif represent a sanitary 
risk to the quality of the water. However, there are several aspects of 
management that will affect the overall capabilities of the system. 



Personnel 

1. Are personnel adequately trained and/or certified? 

In order to properly operate a system , personnel ^mus t be adequately 
trained. This can be provided by an in-hoase training program 
conducted by more experienced personnel. Correspondence courses such 
as Water Treatment Plant Operation, Water Supply System Operation and 
AWWA courses are a means for a small system operator to receive 
training relatively inexpensively. Operators should also be certified 
by the appropriate state regulatory agency. Proof of certification 
should be prominently displayed or otherwise made available to the 
inspector i 

2. Are there sufficient personnel? 

There should be enough personnel to provide for 
vacations or sickness as a minimum. The number 
dependent on the type and size of the treatment 



Finance 

3. Are the financing and budget satisfactory? 

The system should be able to have sufficient funds for operation, 
maintenance t and f uture replacements . 

Emergency Planning 

4. Is ah emergency plan available and workable? 

The utility should have a contingency plan that outlines what action 
will be taken and by whom. The emergency plan should meet the needs 
of the facility, the geographical area> and the nature of the 
emergency likely to occur. Conditions such as storms, floods, and 
civil strife should be considered. 

Another aspect of management is safety. This is a concern if the system 
has 1 operator or 50 . _ It has been pointed out previously that safety 
should be a concern of the inspector, both his safety and that of the 
operator. There are a number of safety hazards including: 

1. Electrical shock 

2. Exposure to chemicals 

3. Drowning 

4. Working in confined spaces 

5. High-intensity noise 

6- Sprains and strains doe to lifting 

7. Slips and falls 



operation during 
of opt^rators is 
process • 
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Management 



o Personnel 



o Finance 



d Emergency Planning 



Safety 
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the first choice iri preventing accidents is to engineer oat the exposure. 
Afj f?xample of this xs providing guards for alt rotating equipment and 
belts. This choice is riot always possibles The second choice is the use 
of protective equipment. The most frequently used equipment and a 
necessity of every plant aire the following: 

b Safety Helmets - provide protection from falling objects in 
manholes and pipe galleries. Can be used as a means of 
identification. 

o Goggles - provide eye protection from chemicals and flying 

objects. They may need to be supplemented by full face shield when 
working with some chemicals. 

o Gloves - provide protection against injuries from chemicals and 
equipment . 

o Shoes - steel-toed safety shoes provide protection from falling 
objects. 

o Respirators - protect the wearer from inhalation of /3ast^ organic 
vapors, and other chemicals. This equiproent is only to be used 
where the atmosphere is known hot to be oxygen deficient* 

o Self-contained Breathing Apparatus - provides protection in oxygen 
deficient atmospheres where the operator must work, such as 
repairing chlorine leaks. 

With regard to safety the inspector should be concerned with 

1. IS adequate safety and personal protective equipment provided? 

2. Are the facilities free of safety hazards? 



148 

9-4 



STUDENT'S SUPPLE] 



Equ ipmen t 



Safety Cbncerhs 



14B 



ERIC 



UNIT iO: SURVEYS 



unit Sammary 



Survey Techniques 
Sample Survey Forms 



Unit References 



None 
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In the previous chapters, the cohcerris of a sanitary inspector have been 
outlined* In this unit a plan for doing the ^survey will be developed; As 
this plan is developed and the use of a standard form is discussed, it is 
important for the inspector to remember what the purpose of the survey 
is. The inspector is to p>erfprrh ah ohsite review of the water source, 
facilities^ equipment >_ operation , and ma ihtehahce of a public water system 
for the purpose of evaluating the aQequacy of such source, facilities, 
equipment, operation, and maintenance for producing and distributing safe 
drinking water. This purpose is easy to forget and to let the survey 
become ah exercise in completing the blanks in a particular form. As an 
irispectbr, you need to concentrate on identifying potential or existing 
problems and evaluating their risks. 

In planni q ''or a survey, an estimate of the time required will help in 
managing your schedule. The estimate should include time prior to, 
during, and after the survey. Although the time required will vary with 
the complexity and the experience of the inspector *_a good rule of thumb 
would be 2 days in the office for every day in the field. 

Prior to each survey the inspector should review all available file , 
information concerninc/ the system being surveyed. This review will assist 

you in being faiiy briefed on the system's past history and present 

conditions. Many times, if you are familiar *ith the past system history, 
past i?i5pections , reports, memorandums, telephone communications , yoa can 
dispel remarks made concerning previous letters , conversations , etc., that 
are taken oat of context, altered, or just misunderstood. This knowledge 
of the system's past conveys to the water system personnel a concern for 
the system anc3 prof ess ional ism_ oh your part- Once the owner, operator, or 
engineer realizes you are familiar with their operations and past cSealings 
with your agency, they will normally take the inspect ing par ty more 
seriously and the end result will be better, more accirrat e , and useful 
information concerning their operation and facilities. In this 
preparation period, the initial contact should be established with the 
water system^ Telephone contact to establish a mutually acceptable date 
for the onsite visit is beneficial. A short notification letter giving 
the survey time and date should be forwarded with instructions for 
requesting changes to the schedule. This is also a good oppbr tuhity to 
reiterate the reasons for performing the survey and to inform them of 
specific information they will neec3 to provide. This should be provided 
in sufficient time for the water system personnel to _ respond to the 
notice. If the inspector must change the schedule, it must be done at the 
earliest possible time. The survey must never be postponed or cancelled 
without prior notification. 

a brief synopsis of activities during this period follows: 

1. Detailed general file r,eview. _ . . 

2. Detailed review of chemical and bacteriological files. 

3. Review self-monitoring reports. _ 

4; Make contact with owner/operator to establish survey date and time. 
S. Give early notice of any schedule change. 

In perforninq the onsite survey, the first step is to be punctual. This 
will prevent getting off to a bad start because the operator had to wait. 
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This br ings up the necessity of the successful survey . Irripisrative to a 
successful survey is having a representative of the water system, 
preferably the operator, accornpariy the inspector dur ihg the drisite 
survey. This will allow the inspector and bperatb'^ to ask questions and 
develop> a mutual confidence in each other ' s abil i ty. Orice this trust has 
been developed, the _ operator may be more willing to be open about the 
operations and problems of the system. This is the per iod of evaiuating 
the system. in most cases it is good to use a standard form to help the 
inspector cover all the pdirits of the system. Again it is not the primary 
function of the survey to complete the form. Many times system owners and 
operators are "put off" by someone filling out a form. They wonder if y'-u 
know what you are asking or whether you are just filling out a form with 
information that may never be used or evaluated. The .inspector should 
know why each question is asked. The judicious use of a form will (a) 

provide □niformity of inspections, (b)_ ensure completeness of the 

inspection by another inspector^ (c) facilitate data record, and (d) allow 
followup inspection by another inspector. There is ho best form since 
each system is different and each report must be tailored to the specific 
conditions of that system. There are several examples of survey forms 
provided at the end of this unit. The first is a compilation of the 
questions that have been asked in the_previdus chapters. Other examples 
are from the States of Alaska, South Carolina, Maine, and Missouri. These 
examples may be used in developing or comparing your own survey form. 

Some of the activities that should be conducted at this point are: 

1. Review of system cbrhplairits. 

2. Review of monthly operator repdr ts and in-hoase monitor ing . 

3. Complete investigation of the water supply, treatment, and 
distribution facilities- 

4. A general description of the system and a flow diagram^ 

5. Establishment of an exchange of information between the operator and 
inspector. 

6. Cbmpletidri of the form as required. 

7. Sampling as i^egaii^f^-_ _ _ - 

Se Debriefing of the operator/owner at the end of the evaluation. 



The last phase of the survey is the writing bf the report. This 
represents the official notification bf the results of the evaluation. 
The report should be done promptlyand reflect the information provided to 
the operator at the end of the onsite visit. If the written evaluation is 

different from the oral debriefing, the operator should be advised 

teiephonically of such changes. There is little that is more exasperating 
to the owner/ operator than tb receive a written report 6 iTionths after the 
onsite visit listing deficiencies that he knows nothing about. the 

purpose of the report is (a) formal notification of deficiencies, (b) 

motivate corrective actibn, (c) provide records of compliance and future . 
inspections. The report itself can be as brief as a letter or as detailed 
as necessary to convey to owners and operators of the system what 
deficiencies exist and what must be done tb correct them. 
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Briefly, the activities during this period are: 

1, Completion of formal report. 

2. Notification of appropriate organizations of results 

3. Followup on technical assistarice/questidris asked by owner/operator 

4, Notification of variance of written evaluation from that provided 
the oral debriefing. 



STUDENT'S SUPPLEMENTARY MATERIALS 



Post-Survey Phase 



ERIC 



10-7 



156 



SURVEY SAMPLE FORM 

Date of Survey 



Name of Facility System identification 

Owner - . Telephone — 

Address - . „ 



County 



Treatment Plant Telephone Number 



Name of Operator Certification 



Water Purchased From Water Sold To — -- -- - 

(other than system) 



SOURCE 



i. What type of source? 



2. VJhat is the total design production capacity? 

3. What is the present average daily production? 

4. What is the maximum daily production? 



-MGD 



5. Does system have an operational master meter? Yes 

6. How many service connections are there? 

7. Are service connections metered? Yes No 



^MGD 

NO 



Yes No 



1. Is recharge area protected? 

Ownership Fencing Ordinances 



2. What is nature of recharge, zones? 

Agricultural industrial Residential _- Other 

^. Is site subject to froodihg? 

4. Is well located in proximity of a potential source of 
poitu tion? 

5. Depth of well — ft. 

6. Drawdown - ft- 

7. Dep-th of casing ft. 
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Yes No 

8. Depth of grout ft. 

9. Does casing ext'^nd at least 12 inches above the 
floor or ground? 

10. Is well properly sealed? 

11. E>oes well vent terminate 18 inches above grbuhd/flobr 
level or above rriaxirtiuitt flood level with return bend 
facing downward arid screened? 

12. Does well have suitable sampling cocK? 

13. Are check valves, blowoff valves, arid water meters 
maintained and operating properly? 

14. Is upper termination of Well protected? 

15. Is lightning protection provided? — — 

16. Is intake located below the rnaximum drawdown? - 

17. Are foot valves and/or check valves accessible for 

cleaning? 

Yes No^ 

SPRINGS AND iNFlLTRATION GALLERIES 

1. Is the recharge area protected? 

Ownership Fencing Ordinances 

2. What is the nature of the recharge area? 
Agricultural — - Industrial Residential Other -— 

3. Is site subject to flooding? 

4. Is collection chamber properly constructed? . ___ 

5. Is supply intake adequate? _ _ 

6. Is site properly protected? _ 

7. What conditions cause changes to quality of the 
water? 
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SUt^ACE SOURCES 

1. What is nature of watershed? 

Agricultural Industrial Forest -_ - Residential 

2. What is size of the owned/protected area of the watershed? 

3. How is watershed cbhtrblled? 

Ownership Ordinances ^^^^^^ Zoning ^ 

4. Has management had a watershed survey performed? 

5. Is there an eirergency spill response plan? 

6. Is the source adequate in quantity? 

7. Is the source adequate in quality? 

3. Is there any treatment provided in the reservoir? 

9. Is the area around the intake restricted for a radius of 
200 feet? 

10. Are there any sources of pollution in the proximity 
of the intakes? 

11. Are multiple intakes, located at different levels, 
utilized? 

12. I.- the highest quality water being drawn? 

11. How often are intakes inspected? 

14. What conditions cause fluctuations in quality? 



PUMPS 

1. Number 

Type 

tocation 

2- Rated Capacity 
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3. 



4- 



Yes No 



5. What type of lubricant is ased? 

6. Emergency power 

o What type 

b Frequency of testing 

b Record of primary power failures: in 

last year . 

o Automatic Mai*aal Switchover 



o Are backup pumps/motors provided? 

7. Is all electro/mechanical rotating equipment prdvidi?d 
with guards? 

8. Are controls functioning properly end adequately 
protected? 

9- Are underground compartments and suction well waterproof? 

10- Are permanently mounted ladders for pumping stations 
sound and firmly anchored? 

11, Is facility properly protected against trespassing 
and vandalism? 



Yes No 

TREATMENT UNITS (Note: Multiple units should have a separate information 
section completed for each unit.) 

^rechlbririati ^tf^ /Pre treatment Uni t^ 



1. What chemical is used? 



2. What amount is Used? lbs/day 

3. For prechlof iriatiori r has TTHM been evaluated? 

4. Where is point of application? — 

5. Is chemical storage adequate arid safe? 

6« Are adequate safety devices available and precautions 
observed? 

10-11 



Mix i fi§ 



Is mixing adequate based oh visual observation? 



2. 



IS equiprrieht operated properly and in good repair? 




ijnenta t ion 



1. 



Is process adequate based on visual observation? 



Is equipment operated properly and in good repair? 



Fil tra tooji 

1. Is process: adequate based on visual observation? 

2. Are instrumentation and controls for the process adequate, 
operational, and being utilized? 

3. What type of filter is utilized? 

4. Is equipment operated properly and in good repair? 

Pb s t -C h l^-4na ^ion 

1. Is adequate chlorine residual being monitored? 

2. Is the disinfection equipment being operated and 
maintained properly? 

3. Is there sufficient contact time (30 minutes miniinum) 
between the chlorination point and the first point of 
use? 

4. Is operational standby equipment provided? If not, 
are critical spare parts on hand? 

5. Is a manifold provided to allow feeding gas from more 
than one cylinder? 

6. Are scales provided for weighing of containers? 

7. Are chlorine storage and use areas isolated from 
other work areas? 

8. Is room vented to the outdoors by exhaust gr i lies 

located not more than 6 inches above the floor ievel? 

9. Is a means of leaR detection provided? 
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yes No 



id; IS seif-contained breathing apparatus available for 
use during repair of leaks? 

11. Are all doors hinged outward, equipped with panic 
bars^ and at least one provided with a viewport? 

12- Are all gas cylinders restrained by chaining to 
wall by other means? 

12. Have there been any interruptions in chldirinatidn 
during the past year due to chldr iria tor failure 
or feed pump failure? 



Yes No 

STORAGE 

1^ What type of water is stored? 

Raw Treated 



2, What type of storage is provided? 

Gravity gals. Hydropneumatic gals. 

3. Total number of days of supply? days 



Gravity Storage 

1. Does surface runoff and underground drainage drain 
away? 

2. Is the site protected against flooding? 

3. Is storage tank structurally sduhu? 

4. Are overflow lines, air vents, drainage lines or 
cleahbut pipes turned downward or covered, screened, and 
terminated a minimum of 3 diameters above the ground or 
storage tank surface? 

5. Is site adequately protected against vandalism? 

6; Are surface coatings in contact v;ith water approved? 

7. Is tank protected against icing and corrosion? 

8. Can tank be isolated from system? 

9. Is all treated water storage covered? 

10 . What is cleaning frequency for tanks? 

1.1 - Are tanks disinfected after repairs are made? 
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Yes No 



Hy d ropn^i^ uma tic 

1. Does low pressure level provide adequate pressure? 

2. Are instruments and controls adequate, operational, 
and being utilized? 

3. Are the interior and exterior surfaces of the pressure 
tank in good physical condition? 

4. Are tank supports structurally sound? 

5 . Is storage capacity adequa te? 

6. What is cycle rate? 



blSTRIBUTION SYSTEM 

1. Is proper pressure maintained throughout the system? 

2. What types of construction materials are used? 

3. Are plans of the water system available and current? 
4- Does the utility have an adequate maintenance program? 
5. Is the system interconnected with any other . ystem? 

" Yes No 

C ROSS -CQt^CT I ONS 

1. Does the utii':-y iiave a cross-connection prevention 

program? 

2. Are back flow prevention devices installed at all 

appropriate locations? . 

3. Are crbss-cdhhectibhs present at the treatment plant? _ 



Yes No 



Yes No 

MONITORING 

1; IS the operator competent in performing necessary tests? 



2. Are testing facilities and equipment adequate? 

id-l4 



IB3 



3. Do reagents used have an unexpired shelf life? 
A: Are records of test resuits being maintained? 



MANAGEMKNT 

Are personnel adequately trained? 

2, Are operators properly certified? 

3, Are there sufficient personnel? 

4, Are financing and budget sa t isf actdry ? 

5, an e:nergehcy plan available and workable? 

6, Is adequate safety and personal, protective equipment 
prbv ided? 

7* Are the fac i I ^" t ieL^< free of safety hazards? 
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I iiAr.aDv or aj' ^arv ooy^tt >i jvadaoi*. 'i it -n oo*r- 

»Dl» c3_nflitt_(in .ind yi^ftj "inr '•J"f<3' 

If a lormg lourct >i otih/tO. n it •"cloita Dv a o**^*"- 

t_»ir.u£ tw r.f_vv.i t_n .tr^fi trr L*M*l? 

l» dirtct surfac« dr«mag«- ino contammatton divartta 

j/ownO.Or aj^way. 'f pm thf Iprinja ? 

It tna araa arouna tna tormg fanca<]? 

SURFACE WATER SOURCE 

!i iL<ff !Qurca||) i.daauaia in qyanti^ry? 

i» ini tourcaUJ adaouata m Quaiirv' 

Qo«l 'avv-^aitr rtma«n fraa fro'rt t«ca«xivt turOiOitv 
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A^r tM.vvatari *oJ»rll^g.lP'Af•*♦'>Q'^of *o.yrca_fft« from 
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*r>ia_cp_ngi.t!PO ■PP.^^i* fT* 

t< .ntiitriunn gallariM ara u»ao. i» yialO iuffiqient c3ur- 
<ng all taatom? 

OlSINFECTiON 

It -."^a diiinfaction apuipmant Damg pOarltaa anp mam- 

;a.i!?*.a p'_optrty_^ 

^rp critical ipara parti pn ry^na? 

;f_ 3i»_ir>tOT-Lnati6n .ijiati.: jra. ad.tOyJ.'t »aiary P/a- 
:autipn» pa^ng fo«vovva<l -La«o*«M-J^»n- >«*«iJ>- nta«a.i>aar 
•i-jof iai f^aiit /*ith non^Mpifaa cann.ttar o^r-fuH c^^rga^ 
imrronii *aK.50.'.tia avaitaDia, ranut crtai'^ad tp wail pr 

3:netwtia lecurea* ' *- - 

"'.vpochiprita '1 <ji*a. ara diiutiont baing Tiade 

arpDtf f^anntr' _ 

Ara_ r'^iprma 'Mipual maafuran^era Dai"g niada and 

e<3r/3»0' - 

t J 'laa cniprinr ranaual oamg mamininao trirpugnpui 
•ne_^<j.t_«r .iv.itam.?. _ _. 
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DIVISION Cr HEALTH E>ClN^li<; 



7>H — ^ 

£3705. #: 

9 a 



/ -/ 



SCORE 



^2" Hi^ZfllCS: a. QU__StqT«9«. 3. ^oUc Systwi, C. Swimning, 

0 CJs*nic«J4. t. Otn«x -. > ....... .. - 

^ IMTA*^ : A . Scrrgilnc. 3 D trr^-T.. C. Location 



(3) 

(2)- 

(2)" 



jl5 rCT ECOTP:: a. ChlcrirStsr. R- y^rt, C. Sc»l«» • : 

^ sV>tfiOL;^.--->cinq. 3. Coriijrtt-^UT'oitr^. C: .'JjoHcitSbn. .'»oxrrt_ <3)^ 

D7 IA«T^: ft. Cr^cxir* Boom^_5. C^t^jxt ^t-i, c. Zus .P'.Cin'^isw, 
— aa; «>ick, r. Rcrcr»in»d CyL. v»rs. G. Door to cift<rS«»--- 

.. :. _Sov*»; aoran Uj- 

Tf^^ccr '.. ff tsicuti ^ ~~— • • • 



t;iov«a. B. GoQpIf^. w. ftoron. D. Durt hm**. £. £y t «isf>(2)_ 



'-2 OPLETt; a. ce«r*tion.-9^ Hiso-Hijar^-C^ ''locculiU-on. 

— 0. C»^4J.Upn_._£, 5«oi«jr«tatian, r. rutirs. C. a»Ort«if^ 
M. Sluogc Oixeosai .-. . . . ^ . ^ - ■ . ' 

— D. DUtqmeaoua Earth, t. Corxosior Control, f'. Otmr 



(5) 



(A) 



15 A.-Csv«T«dx R«cnIorlmsIen.-C^-E«ncini9---- ■ - 
ft >^I^f^pwC E: A. Paintto. 9. Cinoao. C . Craaa Cut 



SIsn^TBLrncN 17 a. riuWMJSg, b: DUlhfictidn, C, ^r ttmtrr 



^ CH.«I>€: a. Daily, B. L.ocatlori*-C-.-Ni*cfioo^_:2*nicai*_ , 

^ rtLORIOC: a. Eouiormnt, ft. _T_ecmlam. C. Owtacali. Z. Oail 
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20 TU«lbrrrj- A^ Eoui£JT«m.i-B^ Tecrmoua. _w. Stancaro 
^5_jflfiTEST; a. EouiPT«"t. B' C. aaallcatiori . . 



22 a. OaUy.--: - ^ 
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Division Or EnvirCnwSnt qualiTv 

PUBLIC ORINKING WATER ?«^bGRAM 



RECORD OF PUBtJC WftTER SCPPtY ROUTINS SORVEV 



T !n3p»c:iO!T 



intiiii □ ^ 

Annual □ 3 
int«nm □ 4 



DATE. 



2. PVVS id No. (71: 
i. PVVS Nam*: 



_3. Cdunry Name: 



3f CHecK Q9fi6n{z) wno anduid gat inalysaa r9Q6ru 
O Mayor/BoanI Chairmafi/Pfaaldant/Ownar ( j 
5. Nama: " _ _ . ~ ' ~ 

a Addr«8- ""~ 



Check oarsdh(sj cdr^racted Surthg ihspactidh 

□ Suparlntendent/Managarl ) 
ia Name: 



/ ) 



n Aacraas: 



' C.tv-Slate-2iD Code: 



12- City-Slata-Zip Coda: . 



3. Ortice Phone Number" _ 
9. Moma Phone Numoaf 
G Clart/Sacratafy ( ) 

15. Name 

16. Address: 



13- Office Phdrie Number 
14. Home Phone Numoar' _L 

□ o m*r ( i 

20. Name: 



21 Addrwa: 



^7 Cttv*Stata-2iD Code: 



22. Ciry-Siaia-Zip Coaa: 



^S. Office Phone NumOar: 
19. Home Phone Number- 



23. Df*ica Phone Number: _L 
2^. Homa Phone Number- _L 



r: MAI Sample adHlaa to: ( 

25. Name 

26 Address: 



Oparaiort and Canitlcadon Laval 



27 Citv-Slato-Zip Code 



28 Office Phone Number" 

29 Heme Phone NUmbar- 



30 People Sarv*^ (7) 

31 San/ice Cdrnectidns i 71 
32. Capacity iPnmarv) '7) 



Avaraga OaHy Consumption 
37 Own Syatam [7) 



33. Caoacity tSecondarvi \7) 

34 Ptoisned Water Siorage i7^ 

35 No ot Sac6ndaf\ systems Served (2) 
j6 Names ot Secondarv Systems 



.MGD 
. MG 



38 S^ondary System* 17\ 

39 toia;-€niire System %7) 



Maiimurr Oaiiy Consunr>pt)on 
40 Own System , 7^ 



->1 •S^cdhdarv SvstemsiTl 

42 "^otai-^ottre Svsre'" 

43 «erorT Oate 6> 

3V , 



MGD 
MGD 

: MGD 

VIGO 
MGD 
MGD 
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SYSTEM SURVEY 



gftCTCWV ' gACTQBV 



5ourc» 

'ace Sourca loncJUion 



•^5 GfCuno :5Curce s^oocJiMon 
-io _ 3 "''jfTios 

4' Other Soecifv • • 

Tr»itm#nl 

-3 Aeration • 

■i3 Chemical Aooncation 

60 M.i.rg 

5* Sort'mq 

f3 Control EoutDnent 

.aoorator/ EQuibrnent 
= 5 Ctnor Soecffy; 

ditinbuiion 

= 6 ^'ant Storage 

57 5 P'-imoa 

5^ ::^istriouricn Storage 

5S SooSter Pomos 

50 Cross Connection Control 

■5 ' vietermg 

52 Ctner Speci|y' 

- _ Record Ke#ptng 

63 Analyses Pecoras 



64 Violation Actions 

65 .nsbectioh Peoons 

•56 Vanance/Exemotion Recoras 
67 Oberatidnal Pecoros 

•53 Svstems Pecoras 

Simple SubfTiiiiion 
^9 ^1lcrc^nn^og'C3l 

'C ^-aoiciogica' 

Water Qualiiy 

V -^D'Cogtcat 

feTi'cai 
"5 Paaio-oqicai 



•~ r-rg Cooes Satisractory ^ 0, 'jnsatisfactorv use one or more) — Construction De»iciencv - i Ob«rat.on an^/or s^amtenancr 
Ceiic:encv • 2. baoacity Oeficjenc/ - 3. 



=" irr c'^'ueni CI ""ee d 'otai . 

C-ior Coioc ^^^bsbnate 



H S, 



: Statjihtv . 



__ f^>lters 



^''^v'i'is ^^eccrrr^en.c^ations Camed Cut 
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Dace : 



laspecced 3y ; 



(sigTiacure) 



jcacion Coae: 



:Tane :3t racitl!:7: CcuQCy: 



jrjTi^i r : ~~ — — t elephone :_ 

Aiidress: ^ ~ ~ 



'Jaxae Oper,T-~r: Carcif Icacioh i^Td. arid Grade: 

Pcooia-ijn S<iT'/«d: — - ^lO • of Services; ~z^^ 



!.'umoer .msaCi3 facSory rouClne Baccarlologlcal sanrp^ea since Laac ^anicary Survey 
Report: 



N'unber of roucine BacnerioioglcaJ. sampisa aince laac SaniCary Survey Pitporc: —— 

rhemicaX- Health orlenCed ?arafl»Cera 5dC aeeclag scandards on Laac reporc: 

Aescheclc arlanced paransiecara noc raeecing scahdards on laac report: 

Gipacicy: O^GT) Average uaaga: CMGD) 

=:jiergency pover — Capaciry under emergency power -3—— — - ■ 'icr 

TRESTMCrr ''slceCcK ptariC ind locaca injeccioi) poinca) 

baffle ■nix aedisuencacibh pH adjuacaehc — 

Tiechanicai Tiljc aeraclon _ exchange _ 

disinfection tiicracion se^^^^^aclan _ 

flocculacion lime softening tadce and odor concrt)! — — 

chlorine li«lie__ _ _ . phbsphace ■■ 

ai-jCT ppcasslum peraanganaca — ^.-l^yp^^^* ^^^..^ 

~auscic actlvaced carbon ^ ammonia - 

soda ash polyi>tecCrolyca 

Ian :>DeraC3r londacc f:)Llowln§ tesca (has knowledge and equipniehc) ' > ea No 

pH -.hiDrlne iron phosphate — - fluoride turh i.di: 

Zees 3peraC3r '<eep records of tesc results? Tea MO 

_ — Ccirtified ncetatDr in Jutv a: all "Imes plant is operating? 

^lanc locked vhen ooeracor noc on duty? Cnemlcals :<^ot under lock' 

2acic— ip f rseders ivailab le . Cilorl nation room for ^^r 3 o.ilorinacicn . 

-4s -nsr., 5l:ves, aorons, -c. available. :^hcr3l condition of plane. 
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5ANITARY rJRVr: ^EPCRT 

Dace: 

Inspected 3y: " ~ 

Scacidh Code: 



Veils 


.•/2 •■^3 C jmme irM r 


1 1 
V«L1 Drz.l--^-Ji-c ' 
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Deoch dc Grout! 
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T'^oe at P'ump-- ; 
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:jricrsce ?ad 








- 


^ ^ 

Caalap «xcer>ded j 








. 1 

Vetl Prooerlv Sealed ! 








screened '•'•»hc j 








--- 1 

:hecic Valve - ^ 
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• - - i 
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-A^ve \ \ 
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\- 1 
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-Icu-ie for '"eili 


• i 

1 ^ 
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-STZK 5C?P!:7 DIVISICN 
SANTTARY bUUVrr REPORT 

Dace: — — 

Inspecced By: ...... 

(inlElals) 

Scacion Code: — 

Scorage faclltctes 



-?naumacic. Storage ^aak - '^^3 Commenca 


Stzt 










dperacing Pressur«5 0^^^^ 
\ Ran?a (?SI) x "OFt 










Adaiiace Otais (2") 










Samole Cock 


I 






■ Cone rc is Protected 
I from Vatidalisra 










\ j^nerai Cbhdicibh 
1 of Tank 




1 

\ 








1 Obser'/e Operarion oc 

1^ "^.^nk and note def iciencies 

I (vater logged, low pressure, 

' ^tc.I 











] Air Compressor . . 
1 (tank 5000 ^ai." ) 











.Ground 


Storage Zlevatec 


, ^ eorage 


Size 


n 






.12 


Csjuiments 


Hatches Watertight 

and -ocked 1 












Scree'Tttd 7enc 

















Mo Direct Coaneccion 
wlch 3torT)---hrain— 




i 








"enerSl Condition of 
Tank 












3 ire S us ceo cable '"-o 
: ^oodir.? 












Valve CO Isolate Tank 


x:cccccc< 


1 

tcccccccoc 








— BactP le — Cock 






1 


I 


Ladder Cac Off LO ' .^bove 


ccccccca 


:c^x:cccccc \ 
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UNIT 11: Cdl^iMUNICATldNS/PUBLIC RELATIONS 



Unit Summary 



Communications 
Public Relations 



Unit References 

None 



175 

o 

ERIC 



An area that the i;;:^p€ctor of a Water system must deal with is who to 
contact with regard to the saa i tary _survey . This contact is necessary for 
obtaining cooperation, gathering information, coordinating with other 
departments or agencies, and transmitting the resuits of the evaluation. 
Briefly, the persons/agencies the inspector shoulca contact^ and the purpose 
of the contacts are the following: 

Prior to Dnsi4 



o Owner of water system 

b Obtain cooperation and established survey dates 

o Explain Purposes of survey . . _ 

b Request that necessary information be available 

b Operator 

b Coordinate gaining entry to site 

b Erisure presence of operator during survey 

b Local Health Unit/Other Departments 
b Ensure cooperation and coordination 
o Obtain information pertinent to system 

D' jrirv g- the On site Vi si t 

b Owner of v.ate ^ 

o Obtairt '.i\x^. ,»ac^.*n pertinent to system 
o Explain fMnctlon of survey results 

o Explain recbmmehded actibhs 

o Explain what actibh will result from survey 



o Operator _ _ 

o Obtain infbrmation per tinent to sys tern 

o Exchange of technical information 

b Explain survey resaits 

b Explain recommended action 



A f t^ r—tte— Onsite Visit (Survey Report) 



b Owner of water system 

o Notification of def icienci^^s 

o Instructions on corrections 

o Compliance schedule for cbrrectibns 



o State Regulatory Agency 

o Case report where formal ehfbrcement is indicated 

o tJ,S. Environmental Protectibh Agency 

o Case report when State does hot have primacy under SDWA 
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;<TUbENt'S SUPPLEMENTARY MATE R I A LS 



Cbmnnj ri i ca t i bri s 



Pre-Survey 



Drisi te 



EKLC 
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d Public 

o If system is r..-t in compliance with: 
applicable MCL 

- applicable testing procedure 

- recjuiced monitbrin§ 
scheduled correction': 

an exemption or variance 

Briefly, we need to discuss communications with the owner/operator and 
with the public. There is riot sufficient time in this courseto fully 
discuss interpersonal relationships and how to deal with people. However, 
there are some points that inspectors should keep in mind. The establ ish- 
iwnt of a good relationship with the operator is important to the success 
of the survey. Tha operator of the small water system occupies a unique 
(XJsition in the water supply industry. In most cases the operator is re- 
sponsible for all aspects of the system from operation of the i;xant to 
budgeting for equipment, and in small towns may also be responsible for 
the other services (wastewater treatment, r;oad repair, etc.) in the com- 
munllv. Corisequeritly, the operator will frequently have only a basic 
woi-ing knowledge of the treatment processes of that particular system. 
The fact that the operator may not be fully knoWledgable about the 
tf^chnical design criteria does not make the operator incompetent, 
communicate with the operator in terms that can be understood, not 
yourself or by an engineer, but by the operator. This is particularly 
true when providing assistance. ftn indepth discussion on the Brownian 
movement of colloidal particles may dazzle the operator with your 
brillance but do little to foster a good relationship. 

communicating at the level of your audience is particularly important in ^ 
dealing with the general public. A technical knowledge of water treatment 
and water quality cannot be assumed with the general public Conse- 
quently, you must be careful to cOUch your comTiiunications in laymen s 
terms, particularly when dealing with problems in the system. The public 
should be made to realize the impact of the problem without having the 
dangers exaggerated. 
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UfMT 12: TECHNICAL. ASSISTANCE 



Unit" Summary 

Provid ing Technical Assistance 
Cornmc/n Problems 



tin i f R ■ ^> r ences 

Small Water Systems Serving Public 

(Chapter 13) 
Handbook of individual Water ^ystems 
Water Systems Handbook 

Water Treatment Plant Operation {Voiurnes I 

_ & lil 

Water Supply System Operation 



I -rial 

The sanitary survey is in part dtoigne^ ':o assist the water p''cveyor in 
correcting any deficiencies in water quality . the water sup-^ l y sys tern. 
In order to provide this assistance, the ihs.t^ctor lUst be ar to ccnitiun- 
icato to water system personnel the possible cause.: of problerti:^ . Probl 'tn 
solvi J should be c^prbached in a systertia-ic manner with a concept of irhe 
elein3rito that might contribute to water ptoblens and with insights into 
possible solutions. 

An effective maintenance and repair schedu is o: primary importance in 
*:»perating a war :' supply system. Every opportunity shouic3 be tc4Ken to 
p-ovide guidanj. in the development of such a syj.tem and to supply techn".- 
ssistance with potential and actual water sys*:em problems. 

Ilow the technical assistance is provided is equally important ;.s the in- 
formation giv 'a. Unless the solution is obvious,, rechnical assistance 
ohoulH be given only after the entire system has been surveyed. There are 
two_ easons for this proc^u"^:.?re . Firsts the objective of your visit is *o 
Evaluate the entire water system. If : ^ spend your time playing Sherlc)ck 
Hclrries in atterhptihc ub determine the cause of a prbblem/ you have changec* 
your bbjrctive and may very well overlook a serious sanitary risk. Iso^:3- 
tihg the cause bf a water system prbblem is time consuming and without 
sampling and analytical support/ genera] ly difficult. If t*ie operator is 
cc ..ipeteot , the more commbn caujses will iiave been evaluated ?.nd will have 
been Luled out. The second teasbr. fbr sorveying the ert':ire system is that 
th^-o can be causeis bf prbblems t»irbughout the system. Consequently; 
judgmeiit should be leiserved until the entire system has been reviewed; 
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operator should be ask-3d -hat steps have bee:^ takej-i to evaluate and 
mitigate the problem; The inspector snouid deternur. ;• if the prbfcierr. has 
(X-^curred before arid what actiori vas tak^ ;: A review of operating records 
fiiay provide a clue to recent changes ;1 the ?:y5cem or chemic utilized 
that may be the can^^.e; 

The inspector should temper any advice with a realization of their . 
experience and knowledge of the proble;.. If erroneous information is 
provided^ a loss of money and time can result while the hazar-^ continues 
to exist. The classic "I'm from the Government and I'm here to help"* 
situation followed oy assistance that ihtersifies the problem r\hher than 
finds a solution can b'i devastating. The inspector with lirriited 
ox[.eri?nce is wiser to refer the problem to more experienced personnel. 

Mar ' States have develof^rd a means by which assistance can be provided to 
. watv r system either b - iun request or a refierral from a sanitary 
i.!i3pov ?:or . This is not to jay that ther3 should not be an exchange of 
"ethnical informatioM v.ji,. the operator by aii inspector- The i^^P^^^^^ 
.sh.ould note sanitary problems to the operator ^ discuss their importance^ 
arid if sure of a means of resolution, provide it. 



Review the toL^owing problems in ligrit of the possible causes. Wherever 
possible, relate the possible causes to -'ndicators of the ^.r obi em so as to 
ho- 1- aid the wcter purveyor with any problems, b'St^ the elements of the 
, <>tern as a che::<list of your knowledge. 



-1 : ^o— o-r -^vhl Water P ress a re 

HeaJLth^J ^ ■ 

o Conrc-^fTuna t ion fror. '.acktlow (cr oss-co-^nec t lor- 
VK'y s i b 1 e C a uses : 
Water Source 

c Water table has dropped below -ell 
o C iogg i n g of I screen w i ^ d e."; ' 
o Spr inc f Ir is ^e- r. d imin i ■ 'jd 

Wei 1 or _ Intake, StrucLu, 
o ebr is blocking pipes 

o Jef ec t ive valves or vax / e se 1 1 irigs 

b Plugged foot valve or strainer 

b Preak in wall of collection chamb^^r 

o Water in collection Mamber or p 

c Well scr een r: uggcid or broken 

o Well pipe ." .;red al-c^vr >/'ater ol 

Z'r ~' A t rrie-ri j a i prn^ ' 

.^octi-i-al safecy control activated t jut off water pump due tc 
inoper ive chemfcat feed puimp 



. w we ' V . : ^ Ion 
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Pun !]_ y s tern 

b Power fa il Lire 

o L w line voltage 

d Blown fuses 

b Shor tecl-but electric rhbtbr 

b Defective pressure switch 

b System valved off 

b Air lock in suction line 

b Leak oh suction sicle of system 

b Plugged ejector or impeller 

b Worn or defective pump 

b Discharge lihe check valve ihstal ' d backward 

b Loss bf pr ime in pis ton- type purrip 

S-torage System 

c Ruptured tank 

o Drain valve open 

o Float switches on gravity tank defective 

o fressure switch on hydropncrurnatic storage tank defective 

D istribution System 
o Break iri water main 
o vfi rants open 

o Excessive water demand over prolonged period 

Pr oblem 2: Waiter Qp.ali'^^ ^loi an da^^ 
Health Ri5 .k 

o Disease or che hical |K) isbh ihg of consumers 
Possible Caus 



W ater Source 

c Cohtamihatibh of source by wastewater cj ^bxic chemicals 
Well Intake ^ ' j uati aa 

o 0ns ite contaT' :nation by wastewac^^r or r,oxic chemi a Is 
o Inoperative we'i seal 

rrc- nt Procc .3 

o contamination of treatment ch»i cals 

insufficient chlorine feed rv"*te 
o Chlor ine solution exhausted 
o Defective chemicals food equi.-: tieiit 

Pump .ry ;3tem 

b Repair or replacement bf pun, rts without acrv^uute 
o Use of cbhtamihatecl water to oricate package 
o lirprbpeL sealing c " painp to base d'arihg repair 
b irr.pcbper drainage of p jnp 
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S zoraqe System 

b Debris in storage tanks 

b interior f tank coated with uriapcroved «-'^-ti"?s 

b Access of cbi»tamiriants tnroLLgh brok^ n v-r^t- or open manhoio 



Pis tr ibut ibn-^Sys t^m 

b Crbss-cbhriection with source of sewagf; oi ^oxic chemicaz 



Problem 3: The Water HarS Bad 



Health Risk 

o Pojssible bacterial or chemi'^al contamination 

o Use by consumer of a more palatable but potentially less safe water 
-.apply 

possible Caur.es: 



Water Source 

o Contamination of sourc^^ by foreign substance 
Well or Intake Structure 

o Entry of contaminant into structure through defective vent, open 

manhole, or screen 
o Inoperative v^ell seal, allowing entry of cchtamiront 



Tre a tment Frooess^ 

b Prodifctibn bf chlbrdphenyls by action of chlorine on precursor 
subi' 'cahces 

P ump Sy ^ r^'^ 

o Repa-r rz replacement of pump parts without adequate disinfection 
b Use of contaminated water to lubr icate package 

b Lniprbpcr seal.'^g of pump o base, allowing entry of contaminants 
b improper drainage of pump 

Storage -^ '^^z tem 

b Debris in storage tank 

b Interior of tank cOc^ted with unapproved coatings 

b Entry coi taminr.nts throuvjtii broken vent cr open manhole 



Distr i bution Sys *: ^'/n 

o Ire bacte'-id gLOwth in pipes 
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UNIT 13: CONCLUSION 



Unit Summary 

Review 
Post-Test 
Evaluat ibh 
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water Treatment Plant Operations^ Volume i 
Wat^r Treatment Plant Operations > Volume ii 
water Supply System Opera t id-" 

Available from: Kenneth Kerri 

Department of Civil Erigi..3eririg 

Calif* State University, Sacramento 

6000 J Street 

Sacramento, CA 95810 

(Phone: _ 916-454-6142) 
Prico: $30.00 per manual 



Manual jf Water Utility Operations 

Available from: Texas Water Utilities Assbciat.i - i 
6521 Burnet Lane 
A'jsulri, TX 78757 

Price: $17.00 



Manual of Instruction for Water Treatment Plant : oerators 
Available from: Health Educ-?.tion Services, t - ^ 
P.O. Box 7126 
Albany, NY 12224 

: ice: $3.13 



4. Pt..' . 'or an :.:!j.vidual Water Syr: tern 

11 . .c. : Ainerican Association for Vucatiohal 
InstLruc*-^ ohal Materials 
E!,giiieer ine; Center 
Atnens, GA 30602 

price: $7.65 



5. Water Systerr i indbobk 

Available from: Watrci: Sy^L^-^us Council 

221 North LaSalle Street 
Chicago, IL 60601 

Price: $6.00 



Er.virbhmehtal EhvTirieeririg and Sanitation 
— by vijseph A. Salvatb 

Available from- John Wiley ^ Sons, Ip^- ; 

Soniei:set, NJ 08873 

Price: $55.00 



7. Natio.ial interim Primary Dr^.iking Water Regaiations 
AvaildDle from: Superintendent of Pocumerits 

U.S. Government Printing Office 
Washington, I : 20402 
Stock No. 055-000-00157^0 

Fricet $5. SO 
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. Manual of Individaai w?;ter Supply Systems 

Available from: fiaper intendent of Documents 

ViSi Government Printing Office 
Washington, DC 204 0 2 
Stock Noi 055-000-00229-1 

Price: $6.00 



"How to conduct a Sanitary Survey" Procedures Manual 

Available from: New Mexico Health and F irbnrnerital 

Department 

Ehvirorimenta- :i-^prove;^i Div;i:£^ion 
P.O. Box 9^' 

Santa Fe, Nf .>04-0968 

Price: $4.00 



DDITIONAL. READINGS 



; Wate: Treatment Plant Design , prepared jointly by the American 
v/cter Works Association, Conference of State Sanitary Engineers 

and American Society of Civil Engineers 

Available from' Data Processing Department, AWWA 
6666 W. ^uincy Avenue 
Denver > CO 80235 
Order No. 10008 
Price: To members - $14.40? nonir /~ers - $18*00 

Wa-ter Quality and T reatment: A Handbook of Public Wa^e^ 
Supplies ; Amer icaiT v^ater Works Association, Third Edition, 

McGraw-Hill, 19' 

Available fton.r Data Processing Department, AWWA 
6666 W. Quihcy Avenue 
Denver , CO 80235 
Order NO. 10006 
P-lce: To members » $34.10? nohmembers - $ :60 

. Manua ^1 j^rcj^tme ^-^ ^KA^v^u^ s for Meeti nc the Inleri;.. ^- _^ 
Drinking Water Reg ul^tj^, EPA COO/8- )05 
Ava ilable from: Oi.iD PubliCa^- - ons 
USEPA-CERI 

26 V?est St. Clair Stre<^t 
Cincinnati, OH 45268 

Price: Free 
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